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"BalNHED BLOSD®

A Study in Blood Preservation
by

Charles Richard Drew

CHaFTEH I
INTRODUCTION

ihe transfusion of blood from one individusl to another
1s still s potentially dangerous operztion.

In spite of the very marked advances in thc knowledge
of physiology, bueteriology, lmmunology, and the physical
chemistry of bilologic processes as applied to the practice
of transfusions, deaths still occur following transfusions
and no clinic has been sble entirely to free the procedure
from unfavoravle remctions in the form of c¢.ills, fever,
urticuria, Juundice, hemoglobinuris and other nonfatal but
very disturbing phenomena.

oince 12387 the practice of storing blood over periods
of days or weeks has grown very rapidly in the country. The
common depot in & hospital to which donors are sent to give
or deposit blood in anticipation of later need, and from which
withdraw.ls cen be nuée at a later date, was called by Funtus

(1857) & "blood bank". ot present there¢ is » rapldly growing



anumber ol setups of this charscter.

The sdventages of huving on hend at all times bloods
of eunch group are obvicus, esyecially 1n cmse of dire
emergencies when there is insufficlent time to get vcluntsry
or prcfessionsl donorsa. Certasin diaa@vamtag@s, however, lme
mediately come to mind: the blood is older; changes maey be
tasing place which make such blood less desirable, even une
desirsble. The questions which naturally srise are: Is
such blood dangercus? Is it capable of rormal Functlon when
used ror transfusiont Are the advanteses of speed and utility
in its use offset by decreszsed therapeutic velue for the
patlentt Are reascticns inersssed or decrcossed?

This series of studies was begun in uy ettempt to snawer
the Tirst question: 1Is blood which hes been kept in a pre-
servative of some zind fer varying pericds of time dsngeroust
I 50, in whet gquantities and in what condltions? Finally,
what 18 the toxle factory

Scudder, Zwener, Irusgkowskl, =and Whipple in s series

of publications (358, 357, 358) from this institution pointed
out the role of potessium in the "toxemiss” masccisted with
Intestinel obstruction, severe dehydration, hoek, snd trauma.
The essence c¢f thelr finding 18 thet when tissues sre destroyed
or injured, tissue juices are thrown inte eirculation. These

Julces are rieh in lons normslly present only in the cells and



when present in incressed amount in the plasms become
extremely toxle to the organism g8 & whole. The chiefl
anony these minerasl bases of the cells is potassium., If
this {s a8 toxiec substance, 1t 18 of interest to know how
zuch of it is freed from the cells by the injury iunecldent
to phlebotomy and continuing asz & result of preservetion in
varicus soluticns which themselves in excess are Injurious
to living tlssue.

The first experiment in the present serieg wag set up
to deteruine how wmuch of this cation 18 released from the
cells.

Having shown thot it is relessed in incercuasingly grest
anounts ag the blood zrows older and thast this chunge is
hastened by traume, it next became necesssary to establish
if posasible gsome messguring rod for gulickly esssessing the
arount ol ¢hange. 3Since the plasme of fresh blood 1s clear
acber colored and that of old bloud a marked red, 1t was
Telt thst perheps the degree of hemolyals would be & feir
index of cell destruction., To test this, the seccnd series
of obaservations were made.

In the n&turaé sequence ot events, 1t becaue necessary
to know just how toxic potassium l3. The animal experiments
were done In =n sttempt to enswer this guestion.

Ther the questlon arose: Are these changes indieative
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of true destruetion of the cellular elements or may not
chanwes in the permeabllity of the cells or shift in con-
centretion gradients sccount for the findingsY To establish
this point, studies were carried out with the ides of de-
termining the fete of the cellular elementa.

The study on bloods st death wasg an &tiempt e core
relote experimentsl spd clinlcal dats.

Since the ildes of cadaver and placental bloods for
transfusions hes geined & number of advocstes (64, 143, 383,
411), & study of potessium chaseges in them seened to offer
a comumon basis of compariscon with Iresh end stored bloods
from healthy edult donors,.

When it wes observed that the rate «f cell breakdown
in cedaver blood es messured by the rete of potassium diffusion
was markedly grester than thet in the donor bloed, the ine
eviteble questlon srose. Whyt Jacgyues (1938) showed thuat if
the concentrstion of smpmonls in ses water i1s ralsed by 0.0001
molar, there occurs a repid exit of potessiuw frowm the marine

alga, Velonlie macrophyssa, KUtxz. The cell water of the human

erythroecyte 1s quite coupersble in lonie content to that of
the Valonia, Jjust as the ses water ln whlch it lives has a
compositon very similer to thst of blood plssma. If the
addition of amronia to ses water cmuses ilncressed rste of
loss of potsesium from the ges cell, may uot the sutolysis

of protein in the cadaver llberste suificisnt amszonla to
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acoount for the incressed diffusion of red cell lons? It
became of intersst, therefore, to deterzline just how much
anmonle cadaver blood did contain asd, csrrying the inves-
tigatlon one step further, to see if the rate of diffusion
in normel blood to which ammonla had heen sdded approached
that of e¢sdever blocd. Opne other factor made [t necessary
to determine the ammonia content ¢of the cadaver blood before
the potaussium values could be scecepted as valld., It is weli
known thet with the argenticobseltinitrite method used in
these experiments (232, 38¢) auny smmonls present will be
gusntitatively preciplteted ss smmonium cobaltinitrite sleng
with the potessiwm 8slt end thereby eive felse high resdings
ol the leatter.

This work with ammonis led to s reconsiderastion of the
observation previcusly noted thst hemolysis was less marked
in the blocds whose pH values approsched or went below 7.0
toward thro scild side. 7o determine whether or not this wes
simply & coincidence or & geneticelly releted phenomencn,
further studies were undertexen to explore the constancy of
this essocliation.

Up to thias point the chief Interest had been centered
in the potessiun ehsnges ln preserved blood, but its chenges

could give st best only & partiel ploture of the process.
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#¥hen the lonic equilibrium of pody fluids is disturbed by
marked chsnues In concentrstion or position of some cne
element, there is lumedistely brousht into pley certain
compensatory mechsnisms on the part of the corgsnlism as a
whole in sn effort to maintsin scid-base halance (184, 134,
164, 268). 'These dioctuate chasnges in concentration and
locstion of other slements.

with such marked shifts in the potsssium content of
cells and plesme, an attempt wes ande to trace the shifta
in dth@r cations and spnions with the hope that in so doing
g methold would supgest 1tself for more completely stabilizing
8ll of the elemsuts.

In these times of war when men die on many fronts, it
becomes lmperative to szet either fresh or well preserved blood
to them or some substitute cepable of sustsinineg osuotic
belance snd clreulstion in the esrly hours of their injury.
It 15 difticult with present methods to supply whole blood
for scldlers far reroved from lerge centers of eivilian
population in spite of excellent systezs of supply such es

thet devised by Duran Jordé (202) in the Spanlsh war. Plasra,

however, mey be kept for loug perlods (257, 380) without
m&rkad changes in protein content or oncotic power, The press-
ini needs for further nowledsze of its gualities and short
comings 1s sufflclent jJustification for the studles just

vegun in this dirsection.
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We had, lt was felt, at the conclusion <f these in-
vestigetlons and theoretiesl considerstions certain grounds
for sugresting thet while preserved bloced had meny points
to recommend it, there are limitstions to its usefulness
and & few definite contralindlcations.

To test thesge views it becare necessary tov ohserve th
course of pstients followlng transfusions of blood of viricus
sxes, preserved in different anticoagulants, stored in
different types of contediners, and gilven by different methods.

The establishment of the exyrerimental blood benk in
Presbyterian Hospitel in the 3ummer of 1939, fortunstely,
pregented the opportunity for meking these observstions,

Tranafuslions ere given sc routinely end with sc little
excltement now that one is likely to overlook the fascinsting
but hectie history of the opneration.

Two names stend avove sll the rest from svong those who
have played a pert in relsing the preetice of bloosd trensfusion
Tfrom the reslms of mythology to the status of sn aceredited
tvpe of therapy in wmodern sclentiflic medicine. The first is
that of Harvey who, in 1816, discovered the circulstion of the
bleoocd and so stimulzted medlcal thought with his lectures and
his monogreph, published in 1822, that investigstors in meny
lends begen to experiment wlith the infusion of various sube
stences into the blood stream and to seriously consider the

replacement of old blood by new (271). Yor uearly three
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centuries little true prosress was nade vecruse the
gource of danger in blood transfusions was not clesarly
understood.

The second of the two grest nsames 1s that of Landstelner

who, in 1900, showed thst the serum of one normal human being

can destroy the blood cells of =nother individuesl., Clumping

rad been previously cbserved by Creite (86) end Lendols (237),

and in 1899 Shattoek independently published observetions

somewh&t compareable to Landsteiner's; but it is to the latter
thet the eredit must go for it was he who fully resllized the
practicsl aigﬁifieﬁns@ of his Tindings snd polnted out the
importasce of the blaad.@rmupa for blood transfusions in his
criginal peaper.

Using these two epochsl advances a3 landrerzs, the
historicrl study of transfualons dlvides {tself intce three
pericda:

1. Before Hervey, which may be called the pericd of

its infanoy.

2. Hetween the publicetion of Yarvey's monograph and
Lendsteiner's originsl paper, which may be consldered
the adolescent pericd of its development.

3¢ Bince Landsteinsr's paper in 1200, whieh may be
congldered us the period of its msturity.

Euor of the decndes of thils mature pericd heas been marked

by s dominent theme: the Lirst, by improvements In methods
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of direct transfusicn; the second, by the sesrch for meesns

of making Indirect trassfuslons more reesidle; and the third,
by attempts to preserve blocd for purposes of deleved traus-
fuaion or use at distauces relstively far resoved from the
place ol its reception from the dounor. Following the anslogy
to {t8 naturel conclusion & fourth perlod, that of senescence,
must be contesmplated should the many sttempts now being made
to replace blouvd as & therszpeutic asgent resch fruition in the

Ceroduction of s@mé ideunl synthetic substitute.
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CHAPTER 1I

EVOLUTION OF THF BLCOD bANK

Part 1

Before Hervey

(1) Mythology

The nilstory of blocd tr&ﬂﬁftﬁimn beging, as most
history does, In the mythelogy of the snclent peoples.
No records exist of sctusl trensfusicn in thesc earliest
times, but the ldes of restoring the youth aund spirit of
the old sud dyinge by the injection of the bhlocd ol the
strang had i{ts blrtn before the recorded menory of man
(323): It could reseh meturity oniy &3 the result of
certuin sclentific send technicsl &dvancea which have slowly
taken plece. The "panking” of bloaﬁllm tgé‘l&tast of these
advasces. It ls with tlhis techulque thet we urc chiefly
concerved, but 1t seems wlse to explore [irst some of the
zore ilmportant esriier steps ln the development ol this
ides.

Ovid (307) reports thet Jeson implored his wife, &

sorceress, to restore youth to his apged Cather, Aeson, for
the Testlvities stiending the return of the Arwonsuts from
Colchis. Accordingly, "Medesn unshesthed her ¥nife snd cut

the old men's throst, then, letting the old blood run out
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she filled his veins with brew sc potent thet & withered

olive branch with which she stirred {1 st opce bore leaves
end frult. W®hen Aescn hed drunk this, in pert through his
lips and in pert through kis wound, hls besrd eud his helr
loast thelr hoary grey snd yulekly becare bleck agein; went
the peller end the look of neclect; the deap wrinkles were
rilled cut with new Ilesh; his limbs had the strength of

e

youth and Aeson wes Uilled with wonder.”
kven todley such mlrscles sre expected Irow simple in-
rusicns &nd small treasfoslons when the retionsle of their

exhibiticn {3 &s nlaspic 2 thet of the guncient hedia.

(2) Humorasl Spirits

in the earliest periods blocd was sousht not sc much
Tor its value In restorius measursble physicsl properties
but rether for itse wetephysicsl stiributes. According to

the temehing of Galen (6£), the blocd esnd the nstural spirit

erose from the liver wnd wss cerrisd to the heart which was

the 3eat of the vitsl splrit from whence it was sent to the

brain t¢ be perfected sud become the scimel spirit. ror a

complete soul these three elements hed to be present and it
was to restore these elements, the eplthumos, the thumos,
and the hegemonos, that the blood of youny warriors was

i

recommended as a dreught (323).
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(3) Tarly Trsusfusions
The [irst record ¢f & transfusicn belng siven in &
maennsr conparable to todey's nethods 18 recordin ln Pase

quele Villari's "Lite and Tines of Lirclase Ssvonerols®

&8 follows: "--the vitnl powers of I[onocent VIII were
rapidly siuking. He had bees lyilng lor sone tipe in a
lethurgic stute, that was vecusionelly so deathelike ag
to muke hls sttesdarts belleve thzt all wes over. Ivery
means ol restoring his esxhbsusted vitelity hed veen tried
in veln, when s doctor proposded to sttewpl to cure by means
of & new lnstrument lor the transiusion of Lloed. iHitherto
this experiment had only been tried on snimsls; but now the
blood of the decrepit Pontlff wsa to be transfused lnto the
velns of & youth, whe gave his ows .n exchange. Thrice, in
feet, was the difficult exvericent wmasde. It did no pood to
the roge, end the three boya, costing the sun ol une ducat
aplece, lost thelr ilves, throush the lntreduction of sir
into thelr velos., The doctor then fled, snd on July 25, 1498
(five days later), Innceert VIiii expired.” (39%):

[

Scheel (180&) tells us thnet Hiercnyvmus Cerderus (1576)

aud Megous Pegolius {(1593) dlicussed the possivilitles of

direct transfusions while andrius Libaviua of Coburg in

1615 desoribed in grest detuil w methoa Tor direct trenge

fusions whilch becazuze the most successful type used in the
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CHAPTER 11
Fert 1L

Al'ter Hervey spa Before Lsndstelner

(1) Intrevencus Medicstion

The fi?st sotuel record of sa ilntrevenous infuslon,
Ettruller (1691} tells us, ls found in the story of a
certein sustrian novlessr and sportscan of about 1642 whose
wennel mester deliented in bdlowlng wine through & guilll into
gn open veln in one of nis dogs. The veln then belns tled,
the inebriated powlines and seticns of the azimal would cause
grest merriment for the cwoner snd hla suests until the beest,
exhausted with the involuntary bsechanslils, would collapse,
desd drunk.  Strscge,is it not, thot & master ol the hounds
ghould heve given the first recorded intrevenous iniusion
tweuty yeers before the learned sentlemen of the worlid fousht
over the right of priority¥

in higher clreles Lt sesms thut the Tirst sugsestion thst
intrevenous Infusions zdpght e plausivle wes made by Sir

Christophser ¥ren (u3), the astrononer wrnd srehitect, in 1656,
v
Out cf the work of Boyle (5&, L4) snd hls contemporeries,
\ % !
[
[ ¥4

%
Coie (85), wilkins, and Lower (£69), much proszress wes made

in the esrly Xnowledge of the blood and the effects of drugs
#iven intrevenously. The first recorded trestment of men by

intravenous mediestlion seems to have been done by J. D. Malor



.
in 1664 (62).

(2) Travsfusion from snimael to animel
The First trensfusion from anlimel ¢ snimsl wes carrled

out by Richard Lower (270) of Oxford in 1865, 7The honor of

having done the éirﬁt translfusion was sericusly contended by
Regneri ds Greef (148) who clelwed the homor for a Fellow

Dutehmen, Ludwle des Sils; by the Itsllan Frenz Folll {28&l)

who claimed thet he hed done g trapsfusion in 18%4; esd by

[

Professor John [. alor of £iel, in & publicetion in 1687 !
— ¥ y

mentioned himsell =8 the first tc do & blood transfusion (62).
The letter's methods sound very medern, but he was dlsclaimed

a8 somewhst of u gusck by the savants of hls dsy.

(2) Transfusien from Animel to kan

There seers lilttle doubt that Jean Beptiste Denis

( sometimes Bpellied Dianis)(l@%}, professor of philosophy

and methematics in the Unlversity of Perlis, gsve the first
transfusion from snlmel to mwan in &pril, 16867, Beiny success-
ful ip this first lemb's blood transfusion, he went on to

give mﬁgy more end becsme very famous, but & desth following
his fourth transfusiocn osused such & storm of bitter discussicn

thet he was brought bvefore the court on e cherge of murder.

Though he was exogmeratsd in 1668, 8 lsw was passed by the
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Frereh Parliment which specifically prohibited transfusion
experiments ¢n humen deings in France. ‘The mepistrates

of kome were ac lmpressed by the ruling of the rrench peers
that they pessed s simllsr decree. About 1878 the Pope
passed & gpeclisl edict beplshing trsnsfusions 86 that the
practice wes practically buried f@f one hundred Tifty vesars

(138).

(4) Transfusicn from Wen to Man

Peul Scheel of Copenhagen attegpted to revive the

praectice in 1802 with s splendld compilation of thet which
hed gzeone before, hut the honor of bringing the dlscerded
procedure back into prominence must go to James Blundell
(45)10f London. His 1s the merit of having firaﬁ #iven a
transfusion frem men to wen, He sceredited his first notions
on the subjlect to @ Doctor Lesceck of bBarbaedoa.

He sgecificelly stated thet "the blood of one g=nus
of &nlmels can not be indifferently substituted, in large
guantities with impunlty,for that of another genus; and,
therefore, that if ap operation be perforsed upon the human
body, humar blood only should be employed.™ His pubdblicstion
in 1824 pletured nis "Impellor™ which was the first of a
lony series of more or less complicated epparatus for use
in trensfusicos., His syrinrse was quite modern in type end

the conclusion "thet transfusicn by syrince 1s a very feasible
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and useful operation”™ has been azdeguately borne out, but
his second conclusion thut the ogeretion 1s not sttended
with obviously dengerous symptoms of course could rnot stand
up, with the at&tg_af nowledge 28 1t was at thet tine.

Dieffenbuch (414), in 1828, commenting on blundell's woerk,

stressed the fuct thet blocd vreserved over three hours snd
xept Liguid through sheking, when injectsd into the blood

of another anlmsl 18 rromptly =tel.

(8) Defibrinsted Blood Trausfusions

Bischoff, in 1835, decided that the toxle sgent in
such blocd was fibrin, therefore only defibrinsted blood
should be used, e Telt thaet onlv the cells csrried the
true vivifying element snd the aserum aud fivrin were une-

essential, :

Lurson, & student of Panum (309), in 1847, wes the
first to use defibrineted blocd for trensfusion. Brown-
Séquerd (1857) egreed with Blschofr thut there wes some
toxle factor in blood end defibrinated bloods could be aaflely
used providing the carhonic =zcid content was not too great.
He felt thet the source of the toxlelty probably lsy in the
acid-base changes. Famarch (1133, the Prussisn surgeon,
geve defibrinsted blocd its grsatest clinicel trial in the

Franco-Prussien wsr end was one of the tirst to condemn 1t.



Gesellius (138) called defibrinsted blocd just blood that
had been "benten to desth™ snd spoke esguinst its usa.,/In
splte of much good work showing the denger of its use, bo;h
Lefore and after the dlscovery of the isocagglutinogsens (150,

58 5

83?, aég, 591, 320, 346), there sre reports of lts continued

use by Opitz in 1924 snd by Plehw, Denecwe, asund Platt in

1926,

(8) & Periovd of HReflection

)

Qutstsnding were the rather cosplete reviews of Oré

{La68) or Bordaaux) voo Beline-Swiontkowskl (15%9) of Heldel-
burg, Dripkerd (1%5&) of ¥ashington, D. C., Geseliﬁus of 3t.
Petershburg (1873}, Lﬁﬁéﬁis of Greifswsld (1R75), end Roussel
of Geneve (1878).

oré (352) stressed the danger of lntroducing =sir into the
veing, also the varisticns of toxieity with introducetion of
oxygen, hydrogen, and carbon dioxide. Amounts rnecesssry for
fetel l1ssue seeced to be dependsnt on the individuel solu-
bilities of the gases in the vlecod. The followins tsble is
edapted fromw his work end shows the gtatus of trensfusions

in 1848,

Number Cured Improved Unchansed Deed
of Cnses _
Animael blood 154 84 20 44 28
Human blood 31 188 18& -] 178
525 249 j13) 43 T04

It is true thuot almost one half of the pstients dled, but

deeth 1n most Instences could not have been due directly to
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the transfuslon. The selection of ceses was so poor, the
risks 80 grest thot in the light of present -~nowledpe 1t ia
aurprlsing thet so many lived. e

Von Belina-3wliontxowski (Ré} cltes one hundred fiftyv-
five ceges from ihe litersture, goes into gquite some detsil
in thelr anslysis and recommends ;udiract transfusion with

(s

defibrin=ted bloccd. Drinksard (104) round one hundred seventy
cases ln the iitersture, stmtes thet up to thset time there
were only Tour csses on record in Americs snd during the
whole Civil w¥er oniv un@ trensiusicn seems to have been glven.

Gesellius (iu@) advocated the return to snimels as the
source of blood and may be seid to have sturted & new, but
swall, weve ol heterclogous trenzfusions. Thourh his resson-
lng wes sound snd sotives humedterisn, he sdvoceted what seems
tc be & step beckwsrd. He was not, however, the last to
advoente the use of animel blood for transfusion for Cruchet,

Rewot, end Ceussimon (&7) published s w&&&fr%ph in favor cf

tte practice in l?ﬁ‘- b ; { -

' {M, % e { : fhvemy VIS N R
Landols (:5?), Lman% otbwr %h¢n@s, cence ruéd hlrself

with the physiolosy of the vlood end the ceuse of febrile re-

gctions, By many transfusions snd a series of sxoeriments

he ghowed thaet the sers of one specles of snimels cos l?tﬁd

and dlssclved the cells of other specles; explazined the hemo-

globinurie followiny heterclogous transfusions upon this bsasls;



stregsed again thet becsuse of this grest denger only human
blocd be used for humeuns; and tecsuse of the s5till unexplaine-
sble danger Inherent even in hewologous tranafusicns between
men, thet pgerhesps 1t wes wlissst to use intravenous saline.

On the suthority ol this excellent work traustusion agsin
waned, but Leandolsa' neme must rank hish in the list of the
students of the subiﬁct.i He might well bhe consldered themf

oL Y
laeat of the men of the sdolescent ypericd, |
¥



CHAPTER 11X
Part 111

After Landsteiner

(1) The Theory of Blood Groups
Grelte in 1869 had observed the clumpling of human red

corpuscles when plsced in the sere of cets, does, sheep, or
birds; snd Lendols delinitely established the feol that this
coagulsation need not be sssocisted with any pastholowsleel
process. He reaagniz&d sgglutinetion s s physiologloeel
process. Bordet in 1885 hed delfinitely esteblished the faot
thst serologicel methods could be utilized for the differen-
tietlon of species di?ferwﬁces in snimel cells asnd proteins.

Landsteiner {£40), kncwing ¢f the work of Bordet,

postuleted that if by such wesans specles differences could

be detected perhusps the sawe principle would be applicable

to the detectlon of individuel verlations within the svecles.
In his Iirst series of experiments in 1900, he nixed red
blood cells with the sers of other nealthy human beings and
ot & result which wes totally unlooked for. WwWhere he had
expected the sppesrance ¢l perhaps uinor agglutinetion
phenomens, to nis surprise sovme of the mixtures remelined com-

pletely unchansed while in others clumping of the cells was

ag mar<ed 28 though the bloods hed been teken from a different



species of snimels. He concluded in his first psper thot
not only 18 sgelutinstion of the cells of an individusel
scasivle by serum of &8 dlflsrent spevies; l.e,, hetaro-
sz lutinetion, but that in the ssmy solmel type there say

ocour the pheacmenon i Lscsgslutinstion.

£y ey

Soon after this Ehrlicen snd Lorgenroth (1901) injected

g Werles of ports with blood from other gonts snd dewonstreated
{izosntibodies In the gerum of these snimels which were active
sgainst the cells of the ganmp speclens. This wes czlled 180w
herelysis. It sdded evidence thet 1ot only wss there such a
thing es svrecles gpsclflcity but algo speciticity within s
specics,.

In = second publicsticen, Lendsteiner (1901) deuconstrated

thet thoese resctlons did net cecur gt rondos but seened to
follow & very definite rule. Individuels, it seemed, cculd

be grouped lote three difterent types sccording to the reection
of thelr cells and serusm wlith the cells snd serum of other
individusla., FHe found io group A the srrum erglutinetes the
corpuscles of group b but not those of 1ts own group. In
group B, the ferum sgriutinstes the cells of individusls of
group 4 but not thosge of its own sroup. In group €, the

gerun sgyrlutinztes the corpuscles of bhoth A snd B but not
those of group C.

He offerad hlg theory of iscsgelutinsticn snd called



attertion to the importance of thia chservetion iln relstion
to therepy. To acocunt for this group differentiation, he
po3tulnted the sxisternce of two sgelutinogens.

A3 a contlovetion of thia luvestisstion von Uecastello

end Sturli 1n 1902 found Four individusl esceptions to Lande
steiner's three groups. Ilolleowlng the technlque of Dordet,
they demonstroted the presgence of twe ageluvilnins, one found

in serum A, one in serum B, and hoth in €. No hlocd ever had

an egglutinin Lo the serur, 1t spreared, which would met sgsinst
ite own celle. Thig work wes repested snd confirmed by Hektoen /

in 1907 and wes probebly more widely read then elther of the
earlier publications. The exceptions tu Lendstelner's rule
seemed to ocour in group €, but ot this time the feourth dise
tinct group wag not delfiultely pastul ted a8 we wTnow 1t today.

It has been Telt Yy aune (414) thut perhaps Shsttock
. S ——————————

should heve shered some of the honor of thess esrly devs with

Landsteliner for in aun srticle {1£99) which preceded the laetterst,
the clumping of chrosooytes wes desceribed in relation to certsin
diseese processes. Noting the clumpilng of pneumococel in e

hangin

y drop preperetion and notieing the elumping of the red

e

blood cells from the same putient, he postulzted that thar@
must be some element or some chnnges in the serum which cauged
the clumping in esch case; #nd he concludes "and 1f the
hypothosis of =n incressed smount of tegelutinating' sube

stence meets the Tlirat, it may be sxtended to the second.™
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Nowhere, however, does RMe relote his observation to the
problem of blood incompstebilitles In heslthy individuals
or distingulsh betweern pseudcoagglutinaticn and true iso-
axglutinsetion. His findings, viewed in the light of later
investiceation, yield wore information than they did to the
observer.

[

It wes left for Jansky in 1907 to ipcorporete the .

exceptions noted by von Descastello end 3turli end Heltoen
into & Tourth group. Hls biologicel scheme es compsred to

Lendstelnsr's wasg g3 follows!

Landsteliver Janaky
Group A i1
Group B III
Group 0 I
Group Exceptions Iv

The cherascteristlie of this fourth group wes that its
gserun would ¢t cosgulate the cells of any o©f the cther
groups, but that its cells were coaguleted by the serum of
#ll the other grcups. His work was publlished in & little-
known Jjournul and like tho work which preceded him did got
get widespresd clinical sppliesticn. In the book by Criia,
"Hemorrhage snd Transfusions," published in 1909, which was
certainly the best of 1ts time and d1d much to stimulate
anew the question of transfusicns, Jansky is not meuntioned;
while Hektoen is yuoted as follows: "due to the occurence
of 1socsgglutinins in human bloocd, under specisl conditions,

homologous transfusicn misht prove dangercus by ervihrocytic
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segelutinetions within the vessels of the subjsct trens-

fuged,” Crile concludes, "at the gresent tlme we nre probably
only on the boundary line of unowledge coucerning the dlfferent
constituents of the blood and their resctions, - 80 that we

can not feel very sure of our ground until more researeh work
hasg besen undertesxen end the results tested by time," He
compluing of the difficulty in securing reliasble herolysis
teats sand felt that he wes left straddling between two theories
of lmmunity: the physicochemlenl of Bordet end the purely
chemlical side chein hypothesis of Ehrlich. A4t that time no
simple method for clinmically determzining the competability

or incoampatabliity of bloocd for clinlcel use had been worked
out. A rather elsborste setup for the deterulustion of hemolyls,

not sgglutinetion, reguiring about twenty-four hours was the

the ocecurence of hemolysis in vitro before trensfusicn does
not even then necessarily indlcate that it will occcur in the

vagoculsr systenm ol the reciplent sfter the transfusion.
£

*

Fpstein and Ottenberg in 1908 were the first to apply asgglutin-
ation tests in the giving of transfusions end to develop
clinical methods for typing human bloods. (ttenberg (506)“
wa3 likewise the Iirst to sugsest that the blood groups
might be inherited.

Kot until 1910 did the principles of iscagglutinstion

begin to find real use in clivicel nwedicine. Two publicetions
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were responsible for its more widespread epplication. Land-
gteiner gsave a complete description of the four groups in

& monograph which eppesred as & zection of Opoenhelmertsa
"Handbuch der Eiochaﬁie" (1910) s&nd §g§é (1910) presented
the results of his wmost careful work end independently

ffered & classifleaticn of the blood groups which included
four divisions depsnaing on the resctions of the cells and

sers with one another.

Unfortunstely, he dld not kxnow of Junakv's work at

this time =nd in sssigning sumders to nhis groups he placed

in his group I, blocds which Jensky ned pleced in his group
IV, and vice-verss, =« mischence wnich hag angd étill does

cause much confuslon st times. Where Landstelner had postulated
only two asgglutinins te acecount for the reesctions he had ob-
served, Moss felt thet there were &t least three 1socagslutinins
and three ischemolysins to aseccount for the reections as des-
cribed by Landsteiner and the exceptions whieh he had noted

in & large serles of tests carried ocut on two hundred thirteen
individuels, some heslthy =nd somﬁldiaeaﬂad.

To von Dungern and ﬁirsa&fal& {1910) goes the credit for

intreducing the nomenclature which at present time has the
mo3t widespread scceptance, the Internstional Clessificsation.
They showed that these sgglutinaebls propertles or substerces

were inherited &5 slmple mendellisn dowinents and called the
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substance 1in Landsteiner's group A, sggliutinogen A; and
that in group B, asglutinogen B; snd because group C
apperestly haed neither A nor B, group zero cr 0. It
naturally Iollowed that Lf the group hed both A end B 1t
was «nown &8 AB. A compsrison of the erminolowy and the
contents 8t the end of 1910, which remains essentielly the

sese today, is es follows:

Jd ansky Koss vop oungern Agslutinogen Agelut nins
! and
Hirschfeld
1 Iv 0 - e,b
I1 II & A b
111 111 B B a
Iv I AE ,&,,H -

F&Q T™e Heredlty of Blood Groups
After w moat careful study of seventy-two famllies end

three hundred forty-eight persons, vou Duncerrn end Hirsche

feld (iéé) enunciated what has since become known a8 the
first lsw of heredlity; i.e., agglutincgams'ﬁ and B cer not
gppeer in the children 1f they did not exist in the psrents.

- They felt thet the heredity of the agglutincrens depended

on two independent pelrs of allelomorphic genes A and a, and
B and b, with 4 and B the dominent factors.g Herce, the genoe-

type of & person of phenotype A would be AAbL; of B, eeBi;

of AB, AABB; while group O asz a8 homome cus genotype with sll



the recessives would show sabb.

This the=ory was uncentested until Bernsteln (4%4), in
1924, polnted out thet when the thecry of von Dungern and
Hirsehfeld ls snelyzed Irom the gtatisticel standpolnt the
blocd groups do not couform to expectanov. He suggested that
instexd of twe pelrs of allelomorchic genes, A sud B, there
wWeTE really‘threﬁ ellelomorphic genes, 4, B, snd E. For
meny years & srest numbér of gxce tions were found to this
law; but, with the graduslly improving technicue ol grouping
and croas-m-tehing, ths exceptions have becone fewer and fewer
g0 thet it now seems generelly accepted es & part of the law
of heredity, when applied to blocd groups, that a mother snd
fether »oth of group O e¢zn not hsve & child of group AB, nor
cen the fether and mother ol group AB have & child of group
0., %¥iener (lé%@) has shown thot the exceptions to the rule
are, in statistics covering 4,588 mothers snd 5,908 children,

as follows:

Group 0 children from AB wothers 0.22 per cent
Group A childreu from O wmothers 0.1 per cent

Thamaeﬁ)(lﬁég} has deconstreted that the sensitivity
ol sgplutinogen A is lsss thsn thet of sgeglutinogen B in
the group AR so that 1t 1s possible thaet in some of the
listed exce tions to the rule proper grouping wss not
eccomplished becsuse 1t wes besed on the examination of blood

cells zlone which may give erronecus regults becususe of the
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dizminished sensltivity of agglutinogen A. A further csuse

of discrerencles in the earlier resports undoubtedly lies

in the fsllure of the investigstors to res.lze the signifiosnce
of the egelutinin titer in verious serums, or reslizing

thet there wes signiflcsnce felled to rechoeck apparent

exceptions with sers of sultable titer.

(%) The Subgroups of Agzlutinogen A

Von Dungern and Hirsehféld’nmt only pointed cut the
hersditery character of the blood groups, offered a theory
for thelr appesrsnce in the populstion, and celled sttentlion
to the medicc~lﬁgal import of thelr rindiugs, but slso e
1ittle later (léil) presented the Tirst evidence thst perhaps
group A wes mnade up ol two groups or subgroups which they
called Al and Ap. These subgroups were substantizted snd
morTe carefully studies by Sehutze in 19s1, gggﬁ{a;d Kleln
in 1982, and later in the same yesr oy Guthric and Huck.
The last nemed authors in san excellent plece of work con-
cluded thsxt the view concernlng the oxistance of only four
groups was incorraect; that only twoe lsosgzslutinins and two
i1scagslutinogens were insufficient to zccount for the find-
ings; that there were et lesst three o each, maybe more,
and that twenty-seven comnlinstious sre posslble.

The first studies on the heredity of the subgroups
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were made by Landgteiner snd Levine in 13927 who believed

that the differences were not only juantitetive but
quelitative in contradistinotion to Lattes (£50) who felt
thet the intragroup diflerences were only yuentitetive in

character. Thomsen, Friedesreich, and ¥orseee {1930)

extended Bsrnstein's theory, contending thset lunstesd of

three allelomorphic genes 4, B, snd K, there are¢ really

four allelomorphlc genes Ay, A, B, snd R with él dominent
P

- over Agzﬁﬁd Ay, Ap,end B dominent over H; but they 4id not

challeuge the orielusl cowscept.

(4} Thne Racial Distribvuticon of Bloed Groups

Out of the continued intereaxr in the servlogy of the

-5

blood groups & whole new f'leid of znthropolozical inves-
tization ceme lntoe helns with the enncuncement cf Ludwik

and Hapks fHirschfeld in 1219 that there were noaried

differences in tha'incideﬁc@ of the wvariocvus blood groups

in the various races of men. These investigetors, working
in the medlcal corps Gf the Poysl Serblen Army on the
Macedorniern front during the latter stsges of the Tirst world
war, had opportunity to examine the soldlers of many rsces
and the differences they found ia the inherited bicchemlcel

group cherscteristics were reported as follows:



A B AB 0
Znglish 43.4 7E 3.0 46.4
Fr@nch 4‘2.6 ll.g 3¢O 43&2
Iteiians 38.0 11.0 3.8 47.2
Germsns 43.0 12.0 5.0 40.0
Austrians 40.0 10.0 8.0 42.0
Serblans £1.8 15,6 4.8 38,0
Greeks 41.5 16,2 4.0 28,2
Bulgarisns 4G, 6 14,2 6.8 39.0
Arabs ‘ 3.4 19.9 5.0 43.8
Turks 38.0 18.6 6.8 36.8
Russisns 1.8 21.8 Bad 40.7
Jews 33.0 235.2 5.0 38 .8
Megdesgascians 28.2 83,7 4.5 45.5
Negroes (Senegal) PE.B 29.2 5.0 43,8
Annemese 22.4 28.4 7.2 42,0
Indians 18.0 41.2 B.H 31.3

. They esteblished what 18 kxnown 28 the biochemicel raclisl

index; i. ®., the ratioc between A snd B groups, and Tound
~that the ratio sp eared to be highest in the northern
Furopesan people, lowest in the Asistic and Afriecen reces
with the Mediterrsnean reces intermediste in positicon.
Innumereble studies have been done sluce thet time;
nesarly sll of the reces of the world have been grouped and
mary theorles have been propounded to expleln the findings
and account for the distrisuticn of humen blood groups (409).
A survey of the litersture indicates thst men of ell
reces have agglutinogens comnon to mankind in general. Glven
ﬁ‘blaod gaisple, there is st present no sgslutinetlon t@at -
which will elone elucldete the race of the donar.ﬁwgi#&n |

learge snough groups, however, certaln strikiog d4ifrerences



in frequency distribution will show up. The following
1ist illustrates some of the extrere varistions found in
varicus parts of the world.

Distrivution of Blood Groups
(Kodified from Weiner, 1939)

Race Blood Groups in Percentage
0 A B AB
Indisns (Peru) 100.0 0.0 0.0 0.0
Indians (pure) 91,5 7.7 1.3 0.0
Negroes (Dutch Cuinesa) 85,0 0.0 17.0 U0
Eskimos (Cape York) 0.7 12.9 2.4 4.0
Filipinos 84,7 14.7 19.8 1.0
Indians (Blackfeet and
Blood Tribes) 2.3 76,7 0.0 1.0
Lapps (sweden) 28,9 82,06 4.4 3.9
Hewalians (pure) 386.5 50.8 2,8 0.5
Eskimos (Ezst Greenlsand) BE.9 56,2 11.2 8.7
Australians (Southern) 43,8 56, 2 0.0 0.0
Indians (Carojs) %9.0 5.0 51.0 5.0
Filipinos (Samel Moros) 25.9 18,1 54.9 11.1
Hindus (North) El.3 19.0 31,7 8.5
Kalmuks 5.7 £2.9 40,6 10.8
Gypsles (Hungary) 34,2 21.1 a8, 5.8

On thing sesms cbvious in 8 scherme like this: the more
isolated a groupy of people, the vore iikely sare thelr blood
groups to swing to ope extrere or snother and remeln there.
Striking also is the fact that cne set of Indlens were found
to have only group ¢ blecd, one set the hlghest percentase
of &, and a8 third the highest of B.

(5) Agglutinins ¥ snd N

The 1so-antibodies described up to this point which ure
useful in differenticting antigenic difference between tissue
components of individuals belonging to the s=2me species occur

naturelly snd In men are s purt of hls inherited physiological
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patterns,. Erhlich sand iMorgenroth, however, st an early

stage (1900) hed shown thzt such antibodies might also
erise &8 the result cf ertificlel lmmunization. Exteuding

this method of experimentstion, Landsteiner and Levine in

‘1927 obteined immune serum from rabbits by injecting them
with human blood end then whén, hy adsorving or removing

the egglutinins es they haed previously done in differentisting
the subgroups in humen sere, sll of the known egglutinins

hed been removed there still remained substances which could
cause pgrlutinetion of noat of the bloods of all four groups.
Fitting theory to the findings, the investiwzetors postuleted
twe new agglutinogens and nsped the ¥ snd . They apparently
besr no reletlion to the agglutinogens A and B} and since no
agxglutinins cepseble of csusing thelr ccoapulaticn have been
found in normal sers, they are of no cliniesnl siagnificance

in so fer as incompstibilities in the prectice ot transfulons
are concernad. fTh@y do, however, add snother instrument of |
great precision to the asrmsmentarium of the geneticist and
medlco~legsl expert, for each of the four mejor groups may
now be divided snd followed in terms of its M eand N content.
All bloowds have one or both of these antipens, which are
inherited as simple mendelisn dominents end their heredity,
according to Landstsiner and Lavine‘(lgza), probebly depends

on & single pair of ellelomorphice wsenes., There csn be, there-



Pore, eccording to thiz theory only three genotypes MM,
¥n, and KN.

Wiener (195;) states thnt of the 10,436 mother-ohild
combinaticone reviewed for his monograph not once heve the
combinaticns type ¥ rothsr with type N child or tvpe N mother
with type M chlld been encountered. In eech cnse where an
exception has heen gade the parent involved wes the father,
80 thet 1llegitimscey seens & legltissate question to raise

In sccountine for these exceptlons,

with this evidence Hirschfeld (1%5&) geers Justified

in adding to his first twoe laws of inheritance the following:
3. Agglutinoser ¥ cen not appear in the blood of
g child unless pressnt in the bleood of one or
both parents; end, llkewlise, agslutinogen N ocan
not appear In the child unless gresent In the
parents,

4, & type M parent csn not glve rise to m type N

child; und conversely & type N psrent can not
zive rise tc & type W child.

One cen readily envision where thig sort of thing is
lesding. At presernt amgglutinsble subaternces in human blood
cells may be denonstrated by normsal human serum,- for
practiosl purposes of blood transfusion this is sulfleient,-
by normsl anlmal ssra, by sera of anlmels imounized with
humsen blood and by sera of humen beings lmeounized with the

blood of other individusls.

Ap egglutinosen or group of sgeglutinogens called P



has been described by Lendsteiner end Levine (247), an
agglu}}nogen « by hnruhaﬁé (404), an sgglutinogen H by
Schifé‘(SﬁO), and further individusl differences continue

to show upe It wlll take vetrs to exhsust the snimel and
bird kingdoms of possibilities, and éﬁeh vnew finding will
meke wore complex the theory behind sefe trensfusions. Nost
of these findipgs will not pley an immediste role in clinicesl
medicine or directly reduce the hezerds of trensfusions, but
they sre importent especlelly in understanding the ghenomenon
of hemolytic erises and even desth of pstlents who according
to &ll obtelnahle date have haed bloods given them which should

have been entirely innocuous.

(8) Intragroup Incompatibility , . . Vs
Wiener and P;tera (@Oé}, iﬁ"éﬁ ungpublished paper,
concern themselves with this problem of intragroup incom-
petibllity.
Investiguting the death of & patient, group 0, after

Tive transfusions with apperently occmpatible group 0O bloods,

doner's gerum with the patient's cells no egezlutinstion took
place, but wher the donor's cells were plece in the reciplent's
gerum, by & specisl techniqgue, spolutinetion could be demonw
str&ted.‘ Auto-sgolutinetion wes ruled out; therefors, the

only conclusgion justifisble wes thet the patient's serum



contained some specisl sageglutinin entirely unrelested to
previousiy 4known sgeglutinins in humen sere snd on repested
taste on O bloods, wost of which were clumped, the sgglutinogen
did not ssem to he A, B, P, ¥, or k.

The reacticns did colnolde rémark@biy with those glven

by certein antirbhesus lmmune rabbit sera descrived by Lend-

H

stelpner zud Wienafiﬁo'éefina sn sgrlutineble property of
humsan blood which they have seen it to csll Eh {248). The
guthors attribute the cstsatrophe In this case to the gradusl
bulld-up of antl-Rh antivodies in the sarﬁm,uf the patlient

tc & higher and higher titer until efter the fifth trans-
fusion of Rh+ blood an scute hemolytic erisis took place,

A second case presented more evideice of the possible
presence of weayw anti-Rh in certsin iﬁ&ividu&la, undetectable
by e&ny crdinsary methods of cross-mutcehing, velt capable of
bslng enhsnced in titer by trensiusions in Khe bloods,
especially repested transfusions frow the seme donor. 1it,
too, wm&ave serologlesl reasctions simller in every respect to
those of the sntirhesus immune rabbit sera.

Jduat why thls type of resction dces not show up uore
often, or in truth why 1t should sppear at all, 18 & question
the future must answer. This does seem certsin,- thsat
hemolytic rescticns can end do ocour sfter transfusions of
the proper group due to agglutinoszens unrslested to the four

blood agroups. This is most likely to cccur where repested
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trensfusions sre given snd there is bullt up in the
patientts plasma lso-entitodises Tor the donor's cells

30 that on the re-~introduction of those cells et some later
dete there 13 sn acute reamction very slumllor to the ans-
phvlactic shoek sometipnea seen upoen the delaved introduction
of other Torelzn protein into sn individusl,

The grestest sumder of intrsgroup %@m@lytia rescticns
secm to ocour in women who have recently become mothsrs or
have nad & plscarriasge, ,

Levine and Stet&on‘iESS) nuve sugrested that the
fetus ipherits an sntigepic substance from the father which
{3 lackiug in ths mother snd that the mother tecomes immunized
against this gubstance after carrying the child for s long
time, especially in the presence of psthology which would
breat down the normel barrier in the plecente between the
mother &nd the child, so that when the mother receives blood
cells in & trensfusion for which she carries an antibody in
ner serum, the ineviteble result 1s @& resction.

Wiener postulstes thet 1T the presence of segglutinosen
A or B in an O mother csn engender ln her serum high titered
lso-antibodies for & or B, then it does not seen lmprobsable
thet an khe mother carrvigys & Hh+ child ni.ht resct by pro-
ducing Rh sntibodles. Many hundreds of thoussnds of svccessful

trensfusions sugeseat thet thls must be & rare ccourrence,



Tunls new smgelutinogen Rh ila differsnt from the
sgglutinogens Ay, Ay P, B, and & 17 these esrly observations
sre confirmed, for wone of those mentionsd above haes been
proven to be the cause of s rstsl haesolytic resction in

man.‘wﬁil@ these irst twu cuases on record conceriling the

forzetion of speciflic entivodies by the substonce kh sided f
in the desth of the putients. !
(7)—Complexity of the Problem of Groups.

At present with the mg@lutinmgenﬂ Al, A?, B, ¥, N, P,

&n

i Rh\alon&, soeventy-two different types of human blood

are r@&i&ly distingulsiieble . Thers iz little hope thset

the passese ol tlme wlill maeke the probler less complex un-
less the pature of the substances 1s delined snd some common
denominetor of a chemicsl type osn be shiown to underlie the
veried bpilologlcel menlfestations of apeciricity,

At the time of this writing, bDlocds which hsve been
preserved too long in thls laberstory for safe transfusions
gre belng turned over to Doctor Lendstelner for use in the
continuous searcih for the neture of these substences which
nold iz part the angwer to questicns cf the nsture 50 1life

itgelf,
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CHAPTER 11
Part IV

L

Development ol Tsechnigue
(1) Cennulsas
Lib&viué in 18L5 gsve e&n sccurute description of the
technique of blood trenslusicn oo followst  "Let there be
& voung men, robust, full oF spiritus blood, end elso o man,
thin, emacisted, his strength eizhausted, herdly shle to
retein his own soul. Lel the performer of the cpersticn
have two gllver tubes fitting into eseh wther. Let him open
the artery ¢ the youns man snd put intoe 1t one of the tuhes
fastening it in. Let bim imnedlistely cpen the artery of the
o1d ren, end put the female tube into it, snd then the two
tubes being jolned torether, the not end spiritus blood of
the yvoung msn will pour irte the old one as Lf from s fountein
of life and ell of hls-eskrneas will be dispelled” (414).
Bernhelm in 19017 W}ﬁtﬁ; "the instrument which I shall
pvresert 18 one of oy own design, --It 13 & two pleced affair
conslisting of two hellow tubes, ewch 4 om. long, and esch
bulbous st cne end in order to form a neck for retsining the
tie or specizlly devised clesp; the othsr ends are tubulsr
sud fitted for invepinution.-- The radlzl artery of the donor

is usuelly united to one of the superficisl velns st the



=40~

elbow of the recipient. Where the reciplent is precticelly
exasanguinated, it is wise to give him ell the blocd he cen
convanlently hold."

Three hundred yenrs separste thess two desoriptions;
vet ther 1s little to choose bhetween thew except Dernheim's
sugrestion that the reciplent's veln be used rather then
the artery.

Thare have been lilterally hundrsds of types of
apparatus for both dir@etﬂaad indirect transfuszlons. In

Frence, Robert des Csbets (1653) hed 2 fellow monk make

en spperstvs consloting of two Little sliver tubes whlceh were
connected by @ lemther bLell ths size of » walnut., xech
tube econtalined & valve to resulste the flow of bwlood, Pregsure
on the bpall supplled the forcs nzcegsnryy Tor oontinuous [low
in one dirsction from vein to vein (340).

In 1654 ¥Yolil of Florence proposed B silver tube to
be inserted into the aArtery of the donor, & g=nnuls 2f bone
to be inserted into the veln of tne reclpient, snd & cone
necting plece, mude from the blood vessel of én aunimal, which
hed s side srx to ellow the egecsse of air. Technicslly,
evervthing necessrry Tor s successil trensfusion was
thorouzhly understood, 1t ssers, even at this earlyv date.
The kKnowledge of heeterls apd iscagolutincoesns wss lacking,

ond 1n thie deficlevov lies the difference in results (281).
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Lven in 1684 Hejer (62) reallzed that corruptlon

-+

if the gkin cover the vessels was Lioroughly

41
s

wed legs freguen
oleansed with eleohol in the Porm of s3pirits or wine before
intfusorlisl surgery wse prectliced.

Avonae the wove interesting ilustruments hlstorically

considered are: descendsnts of Libavius' apy ;rﬂuua in the

Torm ¢f the segmented met:l cannules of Lower (lﬁé%); the
LT —

Gssellius (1872) cannule which hed stoppers etteched to

s seyment to make the operstion less vloody end prevent

undue hemorrhoge; =nd the leter relfinements of Bernheilm (30).

- Principle

Blund@ii‘(lﬁl%) introduced the valve svringe principle
snd used it with his Impellior, a rather lerge funnel-llike
contelnsr which could be sttached to the bmek of the chalr
in whilch tho reciplent set. A< the blocd [lowed iInto the
receptacls it could be forced or into the reciplent's st
oy & pump wobtion and & serles of valves made of lsscther and
steel springs. This pump snd funnel errangeomsnt showed up

in 18282 in the Hewatophore ol loncog, the syringe and funnel

of Gross (1868), the Collin sppearstus (1874), end Oré's

moéification (l87b){z(rar illustruetions see Zimmerman and

W
!

Howell, 414)° | ,

o
&,



A

{2} Cuplllery bBlood Appsratus

A new departure was acen in the Ceplllery Blood
Y :

.

ingiusion Agprraius of LUegelliuas (1873) which conslsted

=3 + g

el & Larxe, divios helwet-like Jor whieh could e held to
i » ! Py

o

the potient's hacy wihlle s wpultiple lenceted pluncer was
3nerply pushed sselinst the agin to esuse niltiple blseding

poluts. When sulifieclent blood had run into the for it was

-

forced ©Uut by w» syrince uwsechanisa through & plpe inte the

.

vein of the reciplent. Voo Zleagsen (L89F) introduced

1

the rultlple syringe moticd whien Lindemun (283) populsrized
through the istroduction of hia cennulss with sharp stvletss.
Trhe latrer could esslly plerce the skin without sny surelesl
procedure, pulde the blunt bevelsd cennuls latc the velns,
and then ve recoved. This method becsme widespresed in use
becaunse Lt allowes unmwodilieu blood to pe used withoat
gacrificing the artery of the dornor ara the veln ¢f the
recipient.

The aAvellpg spparstas (LB83) is sn slmost perirect re-
proauction of thet used by the old french monk one hundred
years vefore. MNoGrath eunlarged the size of the pressure

bulb snd re-introduced ths principle in 1914 (414).

(4) Prineiple of Hydrostatic Pressure

In 1877 ¥smereh {114) introduced & simple, elonzated,
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glass Flesk with a funnel shepped end for use i

it

giving
efibrinsnted blood by nhvdrostatic nressure., This la the

prototype of nearly zll modern intrevencus Infusion sets.

Its aimplicity mede 1% the faverite type of apperatus for

a1l of the early vsers of blood stebllized by entlcomsulsnts

socorTéin, e the teachings of Lewisonn {(£58). Later, modified

by Hobertson (lﬁlﬁ). 1t prevented undue eiposure of the blu&d»

hy oereating & closed gvatenm., In various forms, 1t 13 the

hegie tyoe of spparatus in use st uresent.

o

(2) Bilouwd Vessel iAnsstowosis

vy 2 £ o iy 4F A LA gr o o Gk gt o Py e i s = o e £ B o .
sSueh sgasc 0l use, however, wos poet e sudden jumpy from

5

Lsaeren to the present.  The proplem of bleod transfusions

has intrigued the surglicsl and nechenicsl lpngpernulty of numbers
G
ol men. With the srowth of sgepvic sursery, Carrel (71) in
A A RS

-

190% perfected & methoa o anestasoging the ertery «f the

gonor Lo the bedn of & reclplont, slizinuating countset with

sll foreigo meverisl acd presentlss i unbroken endothelilum
cver which the blood eculd psass, thereby grestly reducing the
chences of clotting., This wes ¢ dellicste snd difficult
operetion; not wlwevs successiul in the hands of even skillful
surgecns, cut ol tne guesticn for ssrersl use.
al o

Crile, 1909, msde this opersticn easier by using &

szull cwuniulen through whlch the veln of the recipient was

Grawn snd cul'r'sd puex, allowlng the srtery Lo be telescope



over the outturned endothelium of the veln tc form a con-
tinuous lining of intims.

Elsberg (1909), Soresi (1911), and Jeger (1913)
modified this method but the method fell into disuse because
cf the delicecy &nd difficulty of the opersation, the deunwer
to the donor, and the insbility to estimste the amount of

blood transfused (414).

(8) Paraffined Containers
Other men sttempted to get better results by p&rgffining

the containers. Chlef apmong these were David and Curtis (1912),

Kimptor =nd Brown (1913), Satterlee and fooker (1914), Percy
(1915), and Kreuscher (1918).

(7) Athrombit
Neubauer and Lempert in 1930 introduced e container mede
of an ember-like condeussation product of phenol and formaldehyde

called "athrombit." Blrkle-de la é&mp (67) ccnstructed a flask

of this materiel almost exactly like Percy's modification of
the Kimpton-Brown tube and it is this tube wnich is used with-

out anticoagulant in Germeny on a large scale.

(8) Switc%ea and Velves
‘j'au )

Unger (1915) introduced & syringe cannula apparetus with
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g four-way stopcock arrsngement winleh sllowed cuﬁléts to
the donor, the recipleut, =nd & bowl of ssline for flushing
to prevent clots. Innumersble varistlons on this theme of
cu&pléx svlitches and velves have been intrcduced, among them
Srines (60), Feinblutt (132}, 3csnuell (347), Soresi {374,
Koster (271), Cashmen snd Baker (72), and Pennell (313).
Beck (24), who invented one of the wore elaborate machines,
has meny interesting reporductions of the c¢lder ones. Most
of them heve Talled by virtue of thelr eleborsteness and
complexity, but still they ocome.

We go beek sgsain for zuldscce to Hueter who in 1870
ssid: "Too much stress is lald on the techulc es in all
operations which are stili in the stege of infenov. Cf

51l the instruments only the simplest are kept.®™



CHAPTER IT
Part V

Antlcoegulants

(1) Early Use

The prolonged preservetion of donor blocd depends
laergely on the guelity of the enticosgulant.

The use of arnticoesgulunts in blood seems to have had
its inception in thet stormy four years, 1664-1688, which
really mark the beginning of modern experimental medicine.
Jd. D. Major (62), who contested Lower's cleim to fame as

the first animsl transfusionist, used ammonium sulfate to

prevent cosgulution of the blood in 1667. Transfusions
soon fell into 11l repute and so the method did unot grow.
Soon after Blundell (1824) revived interest in the
operetion, defibrinated blood ceme into wider usage for
transfusicns and was the method of cholce until K8hler in
1877 pointed out the possible dangers of intravascular
clotting following its administration (102).

Braxton Hicks (1868) successfully used sodium phos-

phste in his obstetricsl practice but gave up the methba
because of the epparent toxlcity of bloocd so stabllized.

At about the same time or a little laster, 1875-1880,
physiologleel salt solution, introduced by Latte in 1831,

practically repleced blocd in the treatment of acute anemis,
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henorrhage, &nd shook.

Lenaols introduced nlrudin ss an antlicosgulent in
1892, and it proved very effective for investigstion in
Cvitro of blood for {t nelther changes the cell volume
nor the gpecifie grevity of the plassmsa, but its source
lwaﬁ 30 limited snd its toxleity so verisble th ot its use

for humsnsg has not grown (1, 348).

In en &tﬁ@m@t te get more uniform results with the
caplilury hematoerit of Blix, introduced by Hedin in 1891,
‘many attempts to find sultable esnticoagulants were tried,

Delaud (1891) tried 2.5 per cent potssslum bichromate
A R N H k ’

Biernsckl (1894) used e mixture of oxellie neld end sodium

o

zalate, while Zoeppe (1895) round thst blood could be
prevented from clottlang for a considerable period if the
tube oontaelned ceder oll, =rd Herz in 1893 used ccdliver

0ll to effect the seme end.

(%) Priority in the Use of Sadium Citrste

Sab&ttaﬁi, in 1900, sugpested that sodiunm cltrate hed
an edvantege over oxaletes end fluorides &8 an suntlicoagulant
becsuse 1t simply immebilized the caleium necessary for
clotting insteed of creating sn insoclueble preciplitate. It
rescts lu the ratio of three molecules u! sodium cltrate

to one stom of caleium. (1322).
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Safe indirect transfusions date from the introduction
of sodium citrste on & lerge scale into the preotice of
blood trensfusicns. The method was thrown into the medical
apotlieght by the war (1914) with its attendant demand for
effective methods of tresting the wounded., Some controversy
arose sbout the honor of pricrity &s regaerda the introduction
of this method.

Search of the orlginel papers esteblishes without much

doubt that Andre Hustino of Brussels not only sugpested the

usze of citratsd blood for transiusion in April of 1914, but
in Nay of the same year reported to the beiglan Surgleal
Soclety experiments testing the rute of coasgulstion of blood
in isotonlie saline, in Eingarfs golution, in tive per cent
glucose solution, in citrate end physiologlcesl saline, end
In & solution of b per cent gluccse in saline to which sodium
cltrate hsad been mdded to meke & £.5 per cent solution. The
last he pronounced &s best end then reported results on four
_types of transfusions using this preservative.

1. From one dog t¢ another,

2. From one Hebblt to ancther.

3. Frowm man to dog.

4. From mesn to man,
He llsted the sdventages of the method &8 being; no surglosl
operation, known amount of blood given, less denger for donor,

many dencers for seme patient, blood could be oxygenated or

trested with other therapeutic agents, glucose good for cells,



infusion can be glven slowly, and cosgulaticn time of
reciplent®s bloed setuully shorteced (189).

On December 17, 1814, KHichard ¥ell of the General

Hemorisl Hospltel of Wew York reported at the Acsdemy of
M¥edicine the results of fortv-three transfusions glven by
the indireect method with the ald ¢f 10.0 ¢c. ol & 10 per
cent solution of sodiom eltrate in ssline for easch 100.0
ca. of blood. This work eppeared in print on Janusry 30,
1915 (403).

| For us, ipo conaldering the origins ot the idea of
presgerved btlood for transfusiocn, Well's worx L& of perhaps
the grestest lmportasnce because he not only sterted the
work in Americs but wes the very first to use blood kept
for three to five days, Tirst to cross-group blood shead
of time and ¥eep it on hend where the possibvlliity cf
hemorrhege existed, and first tc report the morphology

of cells kept for & wesk or nore to determine the rapidity
of change under such conditions of preservation,

At the seme time thet Hustln wes carrying out his work
in Belgium and ¥Well in Averica, gggﬁg weg cerrying on in-
dependently in Puencs Alres asnd presented his work ip KNovember,
1214, In Janusry, 1915, he published his results under the
title of "A New Procedure for the Transfusion of Blood."

Richard Lewisohn published in Kew York the first of a
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long list of pepers on the cltrate method on Januery 23,
1915 (259). He knew of Huetin's work and had heerd Well
apeak. He has, therefore, no clalm to prlority bdut to
him sore then to any other individusl suves the credit for
populsrizing bloocd transfusions by the Bo-cslled "redical
procedure,”™ for simplifying the technigue, snd putting th
practice on & thoroushly workable bhssis. He has hsen the
grestegt protagonist for sud defender of the citrste method.
Fiscner introduced the method in German literasturs (128).
In Ksrch, 1916, he reported comparstive studies on hirudin,
sodium eiltrave, sodium oxslate, pepitone &nd gzlucose miztures
wlith the direct methods ia relution to use in the Germean
armies. On & whole, they sdhered to direct transfusion.
Hédon (1902} ,under the impression that the toxle sub-
stanee In Llood waes carried in the serum, hed been the first
investigetor to rewmove snd then resuspend the cells in
physiclogical saline for transtusions. He, likxewlze, was
one of the first to polnt cut the advantuape Qf using de-
fibrinsted blood several hours cld. After men independent
studies, 1un L8917 be intrcéuced to french literature the
clirate metnod of blood conservation; and Jeanbfaau, at that
ime Chief of the French Aruy Ambulance Service, put 1t into
inmedlisate practicsl use at the army bases., In July, 1817,

he reported the results in his first eleven cases (192).



During the sawe month, 3tansfeld (278) edvocat=d the
method for the Euglish Aramy, but the British Medical Come
mittee was 80 interested 1n the use ¢f ¢um nemeia recom-

mended by Sayliss (28) as e substlitute for blood in the

s 4
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restment of shocek and hsmorrnage that this new snd slapler

&

wethed of transfuaslons wes coverlooked Tor & long time,

Since Hustin's Ilret attempt to Find the wost suite
#ble method of using cltrete, there have beern wmeny mod-
ifications of the solutlions in which {t was basic. There
have Leen attempts to buffer the sclution by the addition
of slightly scid sslts as gggi‘(lQEV) did. 7The best known
of the physiocloglesl citraste solutions 13 the 1. H. T,
solutlion Balschovexy prepersd st the Institute for Hematology
and Travsfusion of Koscow, 8scmetismes referred to as the
Central Hemalology Lluostitute. It conteloed scdlum citrate,

sodiwr chloride, potassiuw chloride, end megreaiun sulflate

with the advent of the American foreces into the war,
Kobertson {337) introduced 2t first the procedure slabcrated
vy feus and Turner in 19186 waich con3lated of preserving the
celis for leter trensfusions by sddiug 100.0 cc. of Z.8 per
cent sodium citrate end 1850.0 cc. of 5.0 per cent glucose to
ench 100.0 ce. of blood. Hemolysis waz minimsl in tnis

preservative, bhut the anount of citrste present in & trans-



fueion of any 3ize preciuded its use or lmsmediste transfusion
Into human helngg., The nells were resuspended In seline Jjust
before use and e small series of transfusions was oarried out
with these preserved cells. This nrocedure d1d not work out
well 4n sctual practlice snd Pobsritson changed to the citrete
methnd alrasdy in use by the Freneh, He gupplied front line
hospltsls of the Amerlean Expeditlonery Foress with compact
asta consiating of & stoppered bottle conteining sterile
2itrate soluticns exd en Ingresr svringe for ereating either
pressure or suetion sco thet the blood coculd be reeeived into
and dispenszed from the same contelner without héﬂaling. On
Lpril 29, 1918, his Pirst report of 1ts2 use in forty-four

cezes appesred (23g).

(3) Cltroted HBlood versus Unmedlflied Bleod

witr the intreduction of this new method of trensfusion,
there srose the guestion of the relative metite of modified
bloed and urnmodified nlood. Lawisaﬁﬁ (1916) reported ex-~
cellent results with the method., Fis resctions (19 per cent)
were less theon those reported by Lindenern,in 1614, who used
the multiple gyringe Airect methoed. Gmrbgﬁ felt that 0.88
per cent wag surer then 0.& per cent and declared the method
sefe.

Jvderstricker, Meson snd Elvers (19217) confirped




Lewisohn's work

and reported 17 per oent rescti . ns with

cltreted Dloods of sll tyres.

All of the reporis, hewever, were rnot so Tavorable,
Tor in the osere yeur Keleney, Stearcs, Fortuai, er“ ferry
(288), in & resort of twe hun&ré& eishty trapafresi-ora, pleced
their reactiong feliowing trersfusicne with rultizle syringe
method at 4.4 per cert, «lth olrest ldertiosl flgures for
the citrate methol, 84.0 per cent., Ther cencluded thet the
method playved no psrt in the occurence ol the resctions;
thet pelther did any gcod In trhe coge of severe infection
or bacteremis; thet sguell treusiusicns »ed less tevdency
to be Tollowed Oy reactlons end the highest incidence wes

found in cases of repeated trusnsfusions, especislly if the
donors wers used repentedly.

Drinker snd Zrittipgnam (1919) reported 70 per cent
rezction and stated: "We should count curselveg fortunate

oould we reduce

ated dblood

citr

e
»

¢l the methodt!s

cidence »f 80 p

Becon (1924) sdde

while

the da

lwite of aafety

%sffﬁan (19

LEer was Qvelr siress

renctions frowm trensfusicnz of whele

to 45 per cent.™ Unger (19P1) who becswue one

eurly ontogoniets likewlise reported sn in-

e cant. E&rnh@im {ip2l), Br 'aa {1e23),

4 thelr warsing thot the uethod wes dangerocus,
), Joanvcldes eand Cewerson (1%24) Celt that

ed. wichper (1927) felt that the
wegre even zrsaster than scepe of the earlier



authors hed indlcated.

In this country resctions since 1930 have dropped so
precipitously from the sverage high lncidence before that
time that some fector besldes the citrete 1tsell must have
played & role in this sudden ilmprovement. ALl ¢of the clder
writers had expected chills following trsnsfusions, and when
intravenous saline displaced transfusions to & degree no
elern wes Telt when they too’wera followed by reactlons of
varying degree. This asttitude 13 epltomized by g;g;g who
says in his book published in 1909 when speaking of the course
following a traunsfusion,; "4 chill of greester or less aeverity
followed by a corresponding febrile recetion 1is to be expected,
and ususlly cecurs. Ordinarily, it spperently has no more
slgnificeance than the ¢hill whieh freguently follows the in-
fusion of seliine solution.”

Not untll selvarsesn was introduced intc medicine and
intrevencus injections beceme widespreed was attextion sharply

focu:sed on the "wster fever" ag Wechselmann called it when he

first demongtrated in 1911 that the weter itself was the cause
of the reaction and ncot the drug. He descnstrated many actuel
bacterie and othsr growths of & fungus-like nsture in the dias-
tilled water used (&QE).

Hort snd Penfold, the same yesar, demonstrated that



"pyrogenlce” substences were often present even when no
bacteria were demonstrable, It was shown thet they developed
on standing; were filterable; and gave two types of fever,
one lmmediate and transitive, the other delayed but con-
tinuous; probably were of bacterisl crigin but were not
actually becteria (185),

This most importent plece of work wes overlooked until
Seibert in 1923 demonstreted thet these "pyrogens" were
actually the proteln end products of certain river water
bacteria which were more prevalent in certsin seassons than
in otners. She carefully ruled out bacteria and specific
iron effect as the csuse and went on to show that & still
outfltted with a proper baffle could prevent the carryingﬁ
over of these substances into the distillate (380). F&n£ﬁs,
reviewing this phase of the work in 1926, pointed out that
not only must the water be freshly distilled but sufficient
metal could be dissolved from lead, copper, nickel, or zinc
8tills to cause toxlc manifestestions. Not only were glass

gtills prefereble; but, gquoting M&tzenaﬁrér, he points out

thet enough elkall may be dissolved from ordinary glass to
cause toxic reections (119). Tnis work brought into prominence
thelobservations of Busman (68) that ﬁne sulfur in certsin
types of rubber tubing used for intrevenous work likewise

would ceuse reactions., Thease studies removed some of the odium
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from the sntleogsulant, but there remalns the question of
1ts sction on the bvlood constlituents end this becoumes of
incressing interest when the matter of prolonged preservstion
is considered.

A£11 of this informetion wes zlowly put into use. It
seems certalin that it is mg untensble to try to compare the
incidence of manfétal Tebrile reactions followlng eitreted
b;ood transfusions before 1925 snd after 1930 as 1t ias to
comprre justly the incldence of hemolyvtic crises before and

after the discovery of the blood groups.

(4) The Actlon of Sodium Citrate
No better explenstion of the specific toxie acticn of
sodium citrate upon introduction intc the blood strear has

been offered then thet of Vietinghoff-Scheel. In 1902, he

postulsted thet the toxielty was due to immobilization of
the celeium ion in the tissue, in s manmeryaimilar to thet
"in which Sebatteni hed shown it 1s imocbilized in the serum,
thereby producing a elipical effect similer to thest produced
by & true hypocaloemiae. This was espeecirlly true as regsrds
the reaction of the nerves and muscles in the presence of an
excess of ocitrate (397).
gggé in 1913 observed & slowing of & frog's heart on

which scdium eitraste had been poured. Salent end Hecht



in 1915 compsered the influence of of cltrstes, a&s well as
oxalates and tartrates, by perfusion experiments on the

isolated hearts of other animals snd observed following

\(

Lewisoln, gulded by Hustin's asnd Well's work, established

cltrutes slowing almiler to that observed on the frog's heart.

0.2 per cent as the smellest dose that would xeep blood from
clotting for thirty minutesa. He establishbed % grams for an
individuel transfusion es the wupper linit of wise therepeutic
usge, 10 grems es deflnitely in the toxlioc realm, and 15 to 80
grams as probably a fatsl dose (260).
Garbst (1916) repeated Lewlsohn's ezperiment and ocone-
¢cluded that s 0.20 per cent citrate solution is more likely
to prevent cosgulstion, without incressing the danger. He
set the fatal dose Ior humens as between 186 to 20 grams (135).
Salant and ¥lse (1916),in & ocsreful investigation of
cltrate and lts decompositicn in the body, put the fatel dose
between 0.4 and 1.5 grams per kilograw; the results varying
gra&tly in the different experimental enimels used and sppeered
particularly dependent on the rate of iﬂjection.j'Th@y concluded 3
that citrate dissppesrs repidly from clirculation and is most |
toxic In those animels in which large guantities were eliminested
unchenged, Overdosage caused only scute polsoning veryving in
intensity with the rate of oxidation. Wo subseute or ehropniec

effecta could be demonstrated (342).
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Drinker and grittingham (105) after testing meny types

of citrete solutions discerded the idea thsat the toxle fsactor
in the blood wes due to "fibrin ferments™ in the pleasns or
"potential comguletive™ factors so sdvocated by Sattefie&

and Hooker (345) for they found "citrated plamsma, thoroughly
freed from all fToraed elements, is sipeularly nantoxic.“f They
felt that aside frowm the direct toxic acticn of citrate, the
pletelets fresd s toasle substsnce when they were broken down.

Ungar (1921) ascrived the untaversble resection not to

chenzes in platelets alome but to chanwges in all of the csllular

.
s

|
elements of the bleod. From the eryihrocytes, he Telt, it N\
AN
)
extracted & substance which ls able to ilnactivete complement |

by the crestion of sn antlicomplementarvy substance. e reporteda
that leuxocytes was destroyed, the red cells were mads more D
fraglile, the opsonins were reduced to zero and conplement was
dizinished by direct action. Many of these findings heve been
substantieted by subszeguent obzervers (chepter IIT) but their
part in the casusation of rescticns is not a proveu one.

There were meny who felt thet citrated bloods were
dengerous and caused an unnecesssrily high percentewse of
reactions (barﬁhéim, 1921; Brines, 1923; Lederer, 19£3; Bscon,
1924; Kretzler, 1924; Psuchet and Becert, 1924), and while
rany transfusions were reported in the late 1980'a few

tttenpts were made to elucidate furtier the mechaunlass or offer



suggestions for preventing the chenges supposedly assoclated
with incresaing toxiclty.

Joannides and Cemeron (1924), In an experimentel study
on dogs, observed thet overdogeges wes followed LY convulsions,
resplratory slowing, end cardiesc frilure; while Shelliing and
Maslow (1925 observed desth in thelr rabbits following the
feeding of citrete In milk by mouth,

CMinot, Dcad, snd brven in 1933, having observed the

desth of & merentic child feollowlng a citrete transfusion cone
cluded thst since in infaptlle teteny celeium was reduced,

the citrate probubly Turther reduced 1t by forcing an unionized

conplex in the pl&ama;}&nd by lncereasing the slkalinity of the

blcod in twe ways: by direct addition of the very alkealine
golution and by incressed bicarbonete forumstion as a result of
the csldntion of the preservative. They produced experimentally
relutive degrees of hypocalcunle hy parathyroidectonizing dogs,
injecting gquanldine, &nd by injecting soda blearbonate. In

guch Instance the additlon of clitrated blocd or isctonic sodium
eltrate eguivalent to the smount usuelly glven in & transfusion

(10 cc. of 0.5 per cent citrate blocd per pound of dog) ceunsed f
slowling of pulse ana resplrations, twitehlng, vomlting, end yff
dexth 1ir the infusion wes continued. In each case, if the ;
do.; st the level of unconsclcusnsss wes given 3 to 10 ce. ofj

§

P n Py : ;f
10 per cent celeium gluconste, rellefl was slmost ilmrediste,-
3

These euthors, thersfore, recomnmend the glving of celecium

3
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glucenats, prophylsctically, wher cltreted blcods are to
be used In states wnlch sre likely to be amssoclated with
2 hypccalcexria (288).

A8 & goud d&menstr&tien of the ever recurring cycle
of things Shefer snd Grigman in 1936, having observed the
peralyzing offeet of cltrate on & Irog's heart, perfused
cets &nd dewcnstrated that first the vagus becomes parslyzed;
the scetlion toking place atl the syunapses between the pre end

post gupgliomlie fibers, then the heart suscle becomes directly

afiected, venou

i

pressure gces up, arteriel pressure down,
and the hesrt stops in dlestole if celcium salts are not
quickly edded (382).

There 1ls evidence, therofors, thet citrete immobilizes
caleium in the tissues 2pd csuses a pleture comparsble to

acute calolum deficiency us Vietinghoff-3cheel had pointed

cut in 1902,

(5) Hepsarin

Heperin hes been uszed &3 sun sntlceoagulant in two ways:
in vitre in a menner simller to sodium cltrate (3kold, 1936;
Tretow, 1937; ﬁehgr@h,~1958; Clerens, 193&), and in vive by
rendering the cells of the blood of the donor inecagulsble by
intrevenous injections oi neparin o short time before drawing
the blood (Hedenius, 1836, 1837; Xnoll and Schllren, 19236,

Sepypington, 1939).



It $a an wcetive frsction of the paturally cecurring

snticorgulents, first isoleted by Weleon working in Howell's

lavoratory at Johns Hopkinsg Hospltal in 1916 snd nsmed by
the latter heparin Deceuse it was found in tbe liver.

The purificetion ol the substence offered some difficulties,
nowever, and lason (1924) wno tried Lt in transfusions geve
it up veceauss of the recctions. He reported thut in doses of
100 milligrens it woes tosic £Or wman.

Howell obtaiped 2 purer product in 1928 snd reported

good results on ten petvisnts. Sest and Mol

vestligoticns witn the hope of obtuilning sctive fracticns in
the sare vesr (32).

Charles end Secott (75) cerried on this investlgation

at Toronto aud in 1933 obtained & coryastslline basriun salt

of uniform potency. The same year ﬁohmitz snd rischer (352)
reported from Copenhegen s purilied product and discussed
the chemical composition of the substence in sope detell.

Jorpes in 1930 sugcested that the svbstence wes &

mucoltin polysulfuric ester, end noted thet the loss of the
gulfurlc seld groups seerned to interfere with its sctivity.
Further investigeticon of ite chemleel propertlies have been
carriad out Inthis-eiinie by Chargefl mmﬁ Clesn (1937) who
showsed thst ii heparin 1s given to wr anlmal end is rollowed

by protomine the effect of the bepsrin may be completely
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neutralized znd the clottirg time dbrousht beck to normal
rapldly. |

Under phy&iolagigml conditions it 18 appurently an
antithrombese (ﬁellanby, 1934); under certsin pathologlosl
conditions it may act as an antiprothrombinase (Fowell, 1918&);

and 1t has been sugrested by Weters, Larkowitz, and Jagques

(1928) thet the increesed clotting time seen in verious types
ol shock may be due to incrsased liverstion of heparin. This
13 extremely lmportant from the point of view of using heparin-
ized stored blood for transfusions in such cases,

The results, using heparin as a slmple anticospgulent in
vitro, do not seex striking in elther one wey or the other
except thet it requires much more heperin to keep the blood
fluld encugh to be easlly transfused then it does just to
prevent coagulstion. | |

Seppington (198%8) haes pointed out thst 1t requires 25

to 70 millligrems of heparin to stabllize 500 cc., of blood
arnd thet this guantity in every cuse exceeds the 0.25 milli-
grams per Kllogrem threshold-dcse of the reciplent, hence in
every cese the clotting time 18 incresged from a normel of
ten to twelve minutes to periods of from fifty minutes to
twe hours,

The second method of procedure conslsts of hepsrinizing

the donor's blocd by the injection of about 1.0 milligrens



per kilogram of body weizht intravenocusly (1.5 cc. of the

5.0 per cent sclution), walting five to ten minutes, then
withdrawing the bleooa snd usiog 1t immedlately for trenafusing
the patient., Hedenius hes reported such success with the method
thet in Stockholm it has repleced the citrste method (188).
Tnls mey be 8o, but st the present stage of development the
use of heperin as an anticcagulsnt for routine transfusions

1s en expensive snd potentlielly dansercus experiment; for
certain special types of cases it offers undcubted advantages.
.The antidote for hepsrin is protﬁmina, &n amine derived from
spermutozoa and Tish spewn. Jorpes {(1939) reels that 1t acts

by removing the negetive slectric charyge and causing flocculetion.
]

(&) Other Preservatives

While eitrate 1o one form or another has been the anti-
“coagulant of cholce in most instsnces, there have been trials
with msny other substances.

Roperti, Flapdin, end Tzanck in 1981 introduced the use

&3

or sufarsenol and reported preservetive properties greater
than citrate with less toxioeity (122).

Norton (1924) advocsted sodium iodide while Bfinea (1928)
advocsted smmonium oxelate and srsphesamine, and in the ssme

yverr MucCracen (60) used sodium asulfate successfully. One of

the more interesting pieces of work in 1926 wes that of
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EEEZI who used lithium citrate with the definite idea of

preserving the erythrocytes longer {318). 3hs, like gggg

end Turner, remcved the cells from the prasservative at the

time of transfusion sand resuspended them in normal saline.
Since 1938 there hsve besen & number of artieles fronm

Itely sdvoceting the use of sodlwue polyacety} dioxysulfonate

under the trade ansme of "Transfusol." Forti (1937) states

that it scts as an antithrombin, doces not alter the blo-

chemlistry, dces not precipitete the caieium, does not lose

1t qualities on storing, i3 bscteriostatlio, atoxie, and

always ready for use 1ln sterile vials of B ce. for each 100 cc.

of tlocd. There hsve been reports by Lattes, Pleroni, Ceccie,

end Horgarlas sustaining these observations and 1f all of these

reports sre true, thias is indeed en ideal saticcagulsnt (13l).



CHAPTER I
Part VI

Cadaver Blood

(1) Origin of Its Uase .

Proltessor W. Ko Szégcv of Kharkev ln 1927 becsme ine
terested in the guestion of correcting defects in living
podies by the transplantation of tissue from the dead (364).

{e felt, as moeny before him hed felt, that death is only
the moment of dissoiution of an intricate complex of mutual
relations betwesn the seperste tissues of an orgenism which
individuelly retain thelr vitelity for & veryineg time aflter
the orgenism &8 & whole ceasses to function.

In the first series of invsstipationsg, he and his
assistent, Xostriukov, uade hundreds of examinstions on tissue
and orgens of enlmals frog Cifteen miputes to twelve days after
desth when the bodies were ﬂeyt gt O°C. 'They observad that
after ten to twelve days nesrly all tissues beceme infected
and guickly deteriorsted. All infection seemed to sweep out-
ward from the addominal csvity, those tissues farthest removed
frox the Intestinal tract r@m&inggé bacteria free longest., If
thers were otnher foel of iunfectlon st the time of death, they Aew
gserved ss the starting pointsof g wavescofl infection pax&iiai k

to that from the intestine.

It was observed that when the tissues were kept close to



zero temperature seven ithe perltoneum often remained free of
inTection Tor ten days while mors distant orgens, e.g., brain,
bone marrow, ond heart blood, were good ufter twelve or more
daya; whils st 22° ouly the bones and marrow sre sterile after
S twenty-four hours. |

He concluded, therefore, thot tissues from cadevers of
previously healthy indlviduals way be used by surgeoas, not
only some hours but even dayvs after desth, 1T the bodies sre
¥kept at low temperstures.

Filavov (1937),texing thls advice, has trensplented =\(
cornegas from the dead to the eyes of the living with excellent 1?‘
results. |

Tests to deternine the swount «f vitelity snd potentiel
function iz lerge tissue pesses or orguans were difficult to
devizse snd esrry out. The cholce of & sultsble tisasue tc work
with was & problem; ﬁgggg, a8 the eesslest to handle, was chosen.

| Ir 1929 & new series of @xpeyimgnts wis %et up using blood
from chloroformed cr strangled dogs k%ﬁﬁ}. Contrery to
expectaney, it was observed that such blood could be injected
~into cther dogs with impunity. It had been thousht that the
blood would be flooded with bacterie sud cther toxle substences
as & result of death and subgeguent rapld sutclysis of tissue,

In the first series of experinments when the dogs were

killed by chlorcform end kXept &t rocwm tempersture, it was
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glrest uniformly impossible to wet sufficlent blood to

caryy ocut exyerlments alfter the first four hours because of
clotting. When, however, the snlmel waes quickly strangled

gnd lmwedietely put in a refrigerator, !res-{lowlng, uﬁclotted
bicod could be removed many hours sliterwsrds. Heving shown
that such blood was not toxle, the next step was to test the
ebllity of such blocd to csrry oun the functions of whole fresh
_blaad.

To test the vitality of the blood, a third series of
experiments were conducted in wihich blood from human cgggvers
weg used to replenish the clroulatory volume of dogs whose
blood exhaustion had been raised 86U to %0 per cent by repested
saline infusions and bleedings. In every cuge there #88 re-
covery when saline alcne nce louser was ellective,

These results left nc doubt in the mind ol the investigators
thet blood o & cadaver tasen ten to twelve hours after deeth
retulns not comnly physical properties cuapable of sustaining
clreculetory belence but slse, In so far ws the erythrocytes

are concerned, full functional ability.

(

v

) Cliniecwsl applicsation.
Professor 3. 5. Yudin of the S8klifosovsky Institute
aud Post Graduste Medlcesl Scnool of Loscow, xancwing of Shamov's

wovk, walted for sometise before & suiteble opportunity



presented itself to try it out on & humen belng.

On Merch 23, 1930, with considerebie trepidetion he
transfused an engineer, who had ettempted suleclde, with
caedaver blood three deys old whlich heppened to he st hand
&nd the man recovered promptly from the effects of nis
hemorrhage. 31x more successful trials had been made when
he presented the resulis bvefore the Fourth Congress of
Ukrainian Surgésns of Kharikov on September 7, 1930. He felt
that with the approbation of this group he miaht proceed with
an operation which was highly dlstasteful in msny respects to
. the population &8s s whole., In Novewber, 1952,‘he presented
the results of his first one hundred cases (éié).

There were many comments concernlng this mew departure

1

in blood transfusions following this report (77, 288, 390).

(2) Vitality of Erythrocytes

Skudina and Barenbolm (1931) working under Yudin re-
peated Shamov's earlier work and extended it to show exper-
imentally thﬁﬁerthrubytﬁb of fresh cadsver blood comgletely
ré%ained thelr role as oxygen carriers as measured by Bar-

eroft's gas exchange method (389).

(4) Sponteneous Fibrinolysis

It was Skudins, 1n 1934, who notlced thet the blood
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collected from cédavars for Wagsermann tests remalned

liguld even after meany hourd. The ciot fomned scon after
removel Trom the body but within from fifteen sinutes to

one and a hall hours ilsater 1t seened to dissolve. This wus
due, it was thought, to su setusl lysis of the fibrin in the
clot. Investigating the provliem further with Rusakovy (1934),
the pathologiast of the Instlitute, it was obvaserved that this
fibrinolys&g took pluce only in the bloods of relatively
healthy individusla who dled suddenly; e.g., followlng accldent
or emergency cperation. These chenges 414 not teke place in

i

the bloods ol those dying from chronle llinesses wlih cachexis
and wasting, such as cupcer, tuberculosis, or widespread sepsls
cf other typ@ﬁy(é?@}.

£t the time this observsilon wes wsde Yudin hed glven
about two hundred tresnsfusions using 4 per cent scdlium citrate
88 un enticosgulant.

The next elght hundred vusses were Gone using only bloods
in which fibrinolysis took plece spontausously, therefore need-
ed no antlcoagulant. The reections 1o the ascond group were
only U per cent compared o 20 per cent for those in which
cltrete had besn used. Three thinga probsebly played a rele
in this lowered ligures incressed experience; eliminstion of
‘§953ibla cltrate resotions when lerge transfuslons were given;
aud probably most important, the gpontanscus ribrinolysis

ruled out the use of bloods Trow bodles of persons who had
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died of severe or chroniec infection and the results of

long westing diseases (411).

(5) Probable Kelation of Hepsrin to Fibrinolysis

One of the more importent investigsetions in this series
wa3 the demoustration of a greetly lengthened clotting tize
. in the bleod of persons in severe trsumstic aghock by Baegarov
(411). It recslls ths observstion of §£g§£:énd Kraus in 1909
thet the blocd of dogs in an&phyluctic shoek had clotting
times increesed by muany minutes to many hours. W&ters;
Markowitz, snd Jagues heve suggested thet the incressed clotting
time 1n snaphylectic shoek 1s due to the rapid liberation of
neparin (400).

Perhaps the substence in cadsver blood thet prevents
clotting is heperin. B8ince heperin i3 spperently thrown into
clrculation in ilnecressed szcunts only when & person is in
shock, only those persons dving acutely will have 1t in the
blood stream; while those dying quietly from sepsls or
- caechexle produce no heparin in the last woments, therefore

have uo antlcosgulent tc prevent clotting.

(6) Functionsal Separstion of Portal and Cavel Blood
In the development of the technlique ol cadever bhlood
trensfusions, it was observed thst blood from the portal

Bystem would not spontaneously drain from s cannuls in the
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internel jugulsr veln, even with the body in deep Trendelenburg
position (370).‘ Tre blood aprarently comes only from the

caeval system snd thst from the mesenteric veins can be re-
trieved only by washing them through with seline. This ls of
‘both theoreticel and pructical interest tecause the blood in
the mesenteric velins beconmes infected soon efter death, while

thet in the caval system may be iufection free days &lfter death.

(7) Phagocytosis

In 1935 Keravenov, carrving on the work st Kherikov,
established the fact that phagoecytosis is well preserved
in cadaver blood Tor about eleven hours after the death of

en animel, then disappeers rapldly.(363).

{8) Reactions
In 1938, eight years safter his criginal work, Shsmov
first triled cadaver transfusicns ip his own eliniec. In forty-

two cuses reperted by Karavanov, Ksravanov, and Perelstein

(217) there were reections in 14 per cent., This is & striking
fisure beceuse the senior author or that paper reported one
hundred two transfusions of preserved donor blood Ifrom the
same clinle the yeur before (ﬁléf aﬁd there were 87 per ocent
reacticna, 26 per cent of which were severe, though blood was

pressrved only five toc seven days. It wes felt thst in edditlon
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to lessened reaction and lack of need of anticoagulsnt, the
response on the part of the hematopoletic system of the patient

wes actually grester.

By 1938 Yudin (412) hed done £,500 transfusicns of
cadever blood with severn deaths and O per cent reactions.
An sversce of 1,500 cec. of blocd wea obtelned from each
cadaver, up to 3,000 cc. when the portal system was washed
throuch with gsaline. He recommends ten davs limit of storage
since leterus followed use of older bloods. The operstion

in other hands has not yvielded such excellent resulta.

Arutianien and Shevedsky (1934) reported obvservstions on

Tifty-two trapsfusicns. Blood wss ccllscted from forty-four
cadevers; twenty-elght were used, fourteen were unsuiteble.
Thirty-two liters were obtained and in Fifty-two transfusions
there were elevations in hemowlobin cof £ to 14 par cent and
in red blood cells elevations cf 800,000 to 1,000,000, The
time limlt for storuge wes fifteen deys, yet in forty-two
socurstely studied oesses there were rescticns of forty, or

9% per cent of the cuses; fourteen were asvere, sixteen

moderate, tern salight, end only two showed no resctions.

{(9) Chenges in Glucose, Laetic Acld, and Phosphoruas.

Belskhovsky end Gingzburg (1934) lovestigeted cadaver

blood on the third, fourth, end slxth days Trom the begloning
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of congervation. In contradistinetion to donor bloed, in
cudsver blood there 1s & hyperglveemisa; probably due to the
action of liver on glycogen sfter desth, Ior hepstectomlzed
dogs fmiled to show this increased glucose level (17)

There weg an increasse in lactic scid st times which
was greater than that which cun be accounted for by «lycolvsais

alone and the suthors sugJsest thet zome other process causes

bregkdown of gluco-protein compiexes. The lactio acld content
had a renge of 40 to 8U wmg. per cent on the siith day poste
mortem. Thils renge was round in deonor hlood after twenty-
four to thirty cays of storsge.

Phosphates, llkewise, were found to be inoressed to
en esverage ol about 17 mg, per cent coupared to the normal
ol' & to 8 per cent., They observed thet the fragility of

cells incressed,

(10) Fregility of Ked blocd (ells

Bacnarov'(iQSB) went into the questlon of the fregility
more completely and concluded that every hour the blood re-
welns 1ln the boay &fter desth inceressed the fregility of the
cells about U.02 tc 0.04 and eguels approzimstely two to
three days of conservetion in & refrigereter. YHis resctions
dropped from 25 per cent tec & per cent when only bloods which

had spontenecusly "disagulsted" were used (14).
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Other fnvesticztors m=ve reportce 3irnilar results
with cudaver tloed tut tneir tiliings neve added sotning of
outstandling rerit to t.e funducentai wers ¢f shaxov and

over tre world

'.-a

Yuiin. This odd coer:tion lntrigued reas sl
snd qtimul&teu Inveastisstions Lu tiie conservation of fresh
donor blood, place.vrl biged, ana ta:t from petients on
who therapeutic galehotcernies are donre. Tne i edicte

precursor ol tne voluntery donor "tlood n2ank"™ was the

practice of storiuns cadever hlood.



CHAPTEDR 11
Part VII

Plscentel Blood

(1) Origin of Its Use

The earliest reference to the use of placertsl blood
for transfuslions seems to be the short article by . S.
Mallinovaky which epgesrcd in Soviet Surgery in 1934 (274).

In Qotober 1936, pruskln and Ferberove of the Central
Oncclogic Instiztute of ¥oscow reported one hundred fourteen
trensfusions of plscentel bleood preserved six to ten deys,
Their cliniesl work which began in June, 1938, was preceded
by triels on enimels and leborstory investigations of the

toxice snd impmuno-blclogle properties of such blocd. They

were able to retrieve S0 to 1280 co. of bloocd from esch
placenta and found sn aversye hemoglobin value of 90 to
180 per cent, erythrocyte count of $,000,000 to 6,000,000,
and white blocd count of 16,000 to 18,000, Cltrate was the
enticoagulant ¢f cholces aud resctions were few (84).

The followlng yeer Stavsﬁazéjfeported a gseriss of cases
row the Mother and Child Institute of Xiev. He collected
80 to 300 ce. of blocd from each placenta, used 4 to & per
cent godium cltrste s3 the anticoasgulant and stored 1t for

fifteen aays. Several observations of his sre worth noting.
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He stated that the blooed group of the ohlld alwsys corres-
ponds to the mother. }Thisrw& know from the work of S@ith
(1928) =and cthers (fi%, 3%1) is not the cagse. During the
 filrst few weeks of postmortazl life whatever zgslutinins are
present &t birth diminish and disappesr during the firat
ten devs of life, after which tipe new sgglutinins eppear.
This is interpreted to mesn thet the maternsl sgolutinins
are lost and the infent produces itas cwn.

It i3 true thet no newborn chilld possesscs azglutinins
or remolysins that sect on the mother. Whatever agslutinins
the child possesszes at birth were derived from the mother by
riltretion through the plecents and nc exceptions heve been
found to this rule (78, 182, xe8).
development at birth. Definite agolutinogens cen bHe demon-
str&ted‘in the red blood cella cf & fetus at & very esrly
BEe (Eél). While it is true thet sgelutinins may not be
present st birth, it is difficult to tell just when they have
develeped.fiﬁtavskaya's obgerveticn that placental blood like
certeln types of cadaver blocd mey be kept without preser-
vative for ten tc twelve devs seews to heve experimentsl
foundstion 1n the leter ovservstions of Xsto and Poncher
(1940) who showed that‘thﬁ averege prothrombin time of one
“hundred newborn hables wse 43.2 geconds, graduslly shorten-

ing to 25 geconds by the tenth duy. his sugpests that the
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lackx of comgulstion i& due to prothrombuin delicliency.
Stavskaye sli30 reported parwedly incremsed potussium esnd
calcium velues for serum, deconstrated thsat the low level
of proteln wes due t¢ the zlobulin Tractionmn, and thet the

blood was rich in estrogenic, wmonedotrople, =2nd an epineph-

&

=

rine-like substance. -

In Janusry 1938, Goodsll, Auderson, Altimes, &na Mace-

Phail published e preliminary report of lts use in St. Mary's

“Hospitel in sontresl {(143). It is this work, more th&n any
other, which has been responsible rfor the widespread inves-
tigation of this source of vlood since that time (136, 151,
159, 160, 299).

Knowing that other workers had been to Doctor Goodall's
olinic as early as 1938 to learn the technique of retrieving
plecentel bloocas, we wrote to him concerning the orisin of
the idea. A pert ¢f his answer written from wontresl on
July 7, 19&8, 18 of hnistoricsl signifiesnce snd is recofded
hare:r*l really do not know who has precedence in the matter
of placentsl bloced used ip trarnsfusions, My work was dis-
cussed among my collesgues for & year belore anytiniug actlve
we3 unaerts<en in the matter of preservation when I zot ine-
formation upon the preservation or the blood ¢f cedavers as
used in the Mosecow Gehool of Haemstology. At thet tiwe, we

were under the impresszion, my ccllesgues end I, thst blood

Pt
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groups were not Tixed at birth, znd thst, therefcore,
newborns should be in the position of universal donors.

We were dlsappointed to find thaet this wes wrong &nd that
groups were firxed at dDirth. All this took time. Our
written work began in 1933-«1934 and our work coverlng 300
tranafusions had gone to print after correction of galley
proofs belfore we lesrned thet the Russlans had been working
upon the same provlewm synchronously. I do not know who has
priority, and, I em sure I spesx for my ccllesgues when I
gay thet 18 a matter of small moment to ua. The chlef thing
is thet this work has adveunced our wnowledge of treanafusion

snd given us an edditlon”@# source of tlood.”

{2) Advantaces i}ﬂm%

Goodell and his ssscolstes list four advantages of
preserved placentsl blood over preserved donor bleod. They
are greater number of red blood ecells and higher hemoglobin
content, 20 to 3Y per cent more cosgulation power then that
of sdult blood, nc sllergle reactions due te food, end total
resctions less. They recommend as & preservative the I. H.
T. sclution which 1s meade up ss follows: sodium chloride
7.0 grems, sodium oltrate 5.0 gruuws, potessium chloride 0,2
grems, and magnesium sulfate 0.004 graus in 1000 cec. of dis-

tilled watepr.,
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{3) Techuniyue

"When the baby is born i1t is leid upon the mother's
abdomen. The cord 1s tied or clemped and wiped clean with
e spong molstened with 75 per cent aleohol. The ocord is
stripped free of blcood for about $ix inches, by the left
finver and thuch armed with & sponge. The cord is cut
with sterile sclissaors, ﬁhe gevered end lowered to bhelow
the vulve. 4 specisl towel with 8 twce inoh hole in its
middle 18 put over the hsnd, heolding the cord in such &
menner that the hand is opposite the hole. The cord ls
pessed through the aperture in the towel, and so plreced
thet the end hangs in the funnel of the receptucle held
by the nurse. Pressure on the cord is then released come

pletely snd the blood 18 collected.™ {(143).

(4) Preservetives

Gwynn and Alséver {(159) found isotonic sodiux cltrste
8 hetter preservative thsan the Rusgsisn I. 6. T. solution
recommended by Goodall and sugsested plucose be added to
mexe at leest a £ per cent {inal mixture, for they found thet
only when guantlities grester then 2 grams of gluccse were
sdded to eaech flask of placentsl blood did the meximun delay
in the development ¢f hemclysis occur. Thisg gueantity smounted

to sbout & 1 per cent sclution of slucose in the totel volume.



They reported that both red end white cells remain
normel Tor three months. This mey be true for the red
blood cells but 18 contrarvy te all other reported data for
white blocd cells in dopnor and cadever bloods.

To prove that the wother wes not hersed by the procedure
two series of elghty-slx ceses esch were studled in relation
to the elapsed time of the third stazge of lebor. The ceses
where the cord and plecents were asllowed to remsin intact
regquired eight mioutes and five seconds. The cases where
the cord and plecents were emptied of thelr bloed took
elght minutes and five and six-tenths seconds.

They feel thest stocrage fa% t@a to three months 1z safe

and eftective.

(5) Messive Trensfusions

Ksntorovich in 1938 advocated placentel blocd for massive

transifuslions end “cloverov snd Chernomardik (1937) have re-

ported thelr experiences wlth the mass preduction of 1so-
hemoagglutinating‘serum {rom such bl&o&.

This new source of therapeutic ald is in its firss
stage and a few pains undoubtedly are to be sxpected. As
a whole, however, the results with placentul bDlocod heve been

favoreble,



CHAPTER 1I
Part VIII

Donor Hlood and the "Blood Bank™ Concept

Neither the vision of having blood on hand for emer-
gencies nor the attenpt to keep it long enough to umeke
trensfusion a&n elective opersatiocn ere very new. Landoi#
{1873) preserved defibrinsted blood for meny hours. He
tells us thet Folll in 1849 hed preserved deflbrineted blocd
for at lessat thirty-three houra and.then used it sucocessfully,
Hédon in 1902 separated the cells from the plasza end resus-
pended the cells st & lster date for tracsfusiocsn.

ﬁg&ivwag the first luvestlgator to store blood from three
to flve duys before giving it with sssurence thsat sll wes well.,
Lewisohn (1915) advised sgainst keeplng such bloed for over
twelve to twenty-four hours. To Well must go the credlt of
Tirst purposely giving preserved, whole, stabllized bleod.
Hédon (1917), uging cltrate and glucose as Huétiﬁ had done in‘ﬁ
1214, wag able to preserve animal cells for e wonth and then
use them with lmpunity. Collection of fresh human blood in
lerge guantities was & leter development,

The first article using the term "conserved" bleod in
the present sense of ussge was publlshed by D. N. Belensky
of the Internationel Cliniec of the Regents of Koscow in 1928

‘undser the tltle A Simple ¥ethod for the Trensfusion of
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Conserved Blood." ‘Ha followed it with studies in 1930 end

in 1935 summarized his esrly work with the conclusion thet
conserved blood unﬁergoes!&g vitre blochewrical and morphologle
alterations of & destructive character, terminating eventually
in complete loss of ita funetionasl charecteristies. It should
be consldered, therefore, not as true bLloed but ss a8 asclution
contalning moast the the components of blood. He found the
clinical results excellepnt. Comparstlive studies between

fresh and conserved blood showed the latter to be inferior
hen over twelve days old, but noted that post-trausfusion
reactions in caeses of severe anemls and shcok were fewer with
blood of two to three davs storese than with fresh blood.

The intersst aroused by the cedaver blood transfusions \w
of Shamov (1989) gave the impetua which resulted in the "blood i &
bank."™

In the feport of the werk of the Third Congress of
. Russian Physioclogists (19£89) there were seversl articles
ghowipg thls ewakened interest in the subject. Among them
were: "Cosgulation and Stavllizaetion of Blood Proteins,”
Utilization of Bayer 205 for Tranafusions of Stabilized
Blood," and "About Certaln Elements which Coasgulste and

Stebllize Blood in ¥itro end in Vive by 3. 8. £r junchonenko

and associntes (228),

Soon afterwards reports started to appecr from many



B

sources. Frow the Central Institute of Hematology mnd
- Treusfusions of Moscow under the directorship of Professor

A. Bagdsssarov a contlnuous series of inveatigations have

Leen carried on since thet time. They began with the exper-
imental work of Perelman (1931) sho showed thet blood kept
in physlological eitrate solutions chenges more slowly at

4® than at room teuwperature (Sié). Arutiunian (1§32) con-
fimred clinlocally Parelman*ﬁ‘earliar experimental work by
giving transfusicns ¢f stored blood from voluntary donors

to other individusls. Balachévsky (1932) and his sssocletes °

recommended the sclution of sodium citrate, sodium chloride,
masnesium sulfate, &nd potassium ohloride which becsne widely
xnown &8 the Russisn or I. H. T. solution. <hey felt st that
time that this aclution wasﬁauperiar te isotonie olftrate or e
citrete glucosze mixture (fﬁ}.

Vladcé; an§ associste of Balachovsky, auggﬁstad thet
& per cent ocitrate solutions were more effectlive than the
phyaiologloal solution previcusly used (17). By 1936 Bag-
dasgaroy reported the resulis of &,345 transgfuslons) 5,304
‘done at the Instlitute itself and %,041 at various stations
in Mozcow. ;Amon@ these 2,790 had been preserved with 6 per
cent 6itrate; 2,074 with I, H. T. serum; and 1,481 with other
preservatives ipcluding & few of defibrineted bloods. When
the orlginal prejudice cof Balachovsky had been overruled by

experimentel evidence showing thet glucose is sn excellent



- zediun for eryt-rocytes end the resultin: lactic acid
forazutioc:n is .ot toxic, glucocge-cltrate scluticns were
irtroauced &3 proservatives.

hvout June, 1222, cuniserviticn was oegun & the

serinsred Iastitute ol Zio0d 1ru¢3rusign under t=e director-
3hlp of wvoester :lesse, dy 1935 rllatov zud wepp could report
1,089 %rarnsfusicos with "canied" vlood. orow tiielr central
at-tion vlood wnz belnyg 3ap.lied 2{ thia tize to forty-one
hossioals 1o the vleizliy of Leniugrad (125).

v

In dareir, 1934, Tenconl sand Pellazzo reported frorn

Bueros Alres thelr results on the first forty-one crensfusicns
of preservea blood n oouth Auerica.

Jeanneney ond Vi&roz, writing in the Bulietin of the
Societd tiationule deé Chlrurcie in December, 1934, attridbute
the priority of this method to the South Averlcin investipgetors.
This, o1 course, i8 ret so ag the precedin: notstions clearly
show, gunneney 3tsted that he ald net <now of previcus werk
on the storase of hlooa from livine donors, but thel in eperi-
menting on the coy Lo cehieex Yualn's results the lcee sugrested
itselfl ana their rirst cbaservetions were reported in May, 1934,

Invest]. tions Iin Poleud were bepxun in 1938 snd & series

of papers by wokolows«l, Luskovwswl, parat, and slesundrowltz

£ives an sccount of trhelr rindings (140).

Tza. ¢k, lcng & ¢reat siudent of the problenr ol transe
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fusions, was lete in condonipg the use of banked blood but
nis investigetions stimulnted perhaps by his skepticlam were
instrumental in sccurstely establishing meny of the changes
in preserved blood (Sél). .

This skeptlclem was perheps merited for in Karevanov's

report from Shamov's clinplce in 1935, where blood only seven
days ©ld haed been used, there were 87 per gant resctions,

25 per cent of whioch were severe, Filatd§ (1935) reported
resgtions in 50 per cent and four deaths in the first asix
hundred flfty-nine transfuslons, while Grozdov (1934) had
.reactiana in 41.2 per cent of one hundred forty-twe trans-
fusions. 43 in a%ﬂy new departures, results were not too good

st first. Bagdaaséiav in 1937 reported his results in over

six thousend transfusions end noted resctions in 682 per cent
when I. . T. serum wsz used, 8Z per cent wlth glucose-citrete
solution, 85 per cent with 6 per cent citrate, and £9 per cent
with 3.8 per cgnt citrate.

Gnoinskib(140) dirsctor of the Blologicel and Hematolozlcal
Laboratory of the Red Cross Hospltel st Varsovie geve preserved
blood its severest test. In 1938, efter man dog experiments,
he geve blood whioh head veen psreserved in 6 per cent sodium A
citrate for 66, 64, 66, 69, 85, 84, 68, and 84 daeys respeetivaiyfg

In esch cuse there was & sharp rise in tewpserature; in most, S

severe chills; in four, incressed urobilinogen; in four,



herorlobinuris; and in trnree, severe pein witr dvpsnea. All
recovered and all showed improvement in the blocd slcture.

The aver:: e a.ount ol »locd ¢iven wes 280 cc. [from this exper-
ience he concluded trhet preserved tlood wes innocuous ard of
greet thorepeutiec vilue. He, apperently, wes not easily per-
turbed by terperntures of 104 te 105° ror in ore case in which
the paticnt was glver, blood over eishty davs cld, he mcde the
note thet sll weut well,-i1:c temnpereture ~eusn to Czll in

elght hours and wuas julte ncrmel in twe days.

On August 119, 1938, Durlr Jordé orsanized for the Re-

publicen Army of Spain,under the n=ne of the Ssrcelone Elood
Trersfusion Service, the best gyste. of collection and dls-
t;ihutlon ¢f blood vet devisedakiffé géfvice at cne tire had
inzedicte eccess to 25,900 doncrs end distributed over §,000
liters of blood bLelore rranco's victory. The hernetically
serled conteinerus were of an advanced desisn and conteined
blood from & poel of simzmllar types under a pressure of two
stmospheres, He uded £ citreste~glucose mixture (1 per ocent
glucose, 4 per cent sodiun citrsate). The blecod reedy for use
was delivered to the frost in refri, ereted trucxs or train
osTrs.

In America during the yesars 1925 to 1935, while rany

indi{viduals undoubtedly took blood from donors and saved it

until sometime later berore¢ glving the transiusion, no



orgenized storage and distribution wes noted until about
1837. In the aurvey of "Blood Transfusion in Anerica® by
Levine and K&tzin which appeared in 1938 no mention is maede
of preserved vlood in any form. ' This work was done under the
auspices of the Blood Setterment Assoclation of Hew York Clty

by mesns of & questionnaire to whieh three hundred f1fty hose

£y 7
ottt i

pitals responded. h |

In March, 1937;‘Fantﬁg instituted at the Cook County
Hosgpitsl in Chlcago & system built around the principle of
having & centrel depot in the hospital where donors could be
gent to have blood drawn &nd stored for future use. He ealled
this system & "blood benk” and in his original report ststed: L
BJust a8 cone ¢canpot drew méﬁey from a bankx unless cne has de-
posited some, so the blood preservation department cannot
supply blood unless as much comes in as goes ocut. The tern
*Blood Ban«™ 1% not & mere metephor." by the end of its
aécand year of operztion, the orisinal bank, whose long backe
ground has been treced, hsd hendled over four thousand transe
fusions. During this period there were three deaths due to
the procedure. In the first vyear there were 12,8 per cent
resctions. For the second year the reacticns were roughly
€ per cent. In 1939, Doctor ﬁehirmé;, full time director
of the bank, reported at the Round Teble Digcussion of the

American Ccllege of Surgeons thut the total bad resched over



elght thousand transfusions, thazt there had been no desths

in the last four thousand, and resctions had been reduced

to 1.8 per cent. Just how remsrkeble & stride this represents
can be spprecisted whepn it 1s remexbered that in 1926 when

the queaticn of facllitsting blood trensfusions came up in
Leningred & record of only forty-twe trensfusions could be
found. This was in the institution whioch in & few vears wss
to become the world renowned Institute of Blood Trensfusions
(126).

In the slow, simetimes stagiering, rise or the operation
from the stagnant pool of humorel psthology to an accredited
place in the rapldly moving stresm of modern medicine, it has
come to & place where evcoclution mey epprosch revelutiocnary
proportions. Tranafuaigns cerried by this new found pcﬁer,
the plood bank, mey be overdone; blocd has lost not only the
awe i1t held for the snclents but perhaps some of the respeoct
it deserves from the moderns. Its limitaticns must be re=-
cognlized, its indications orvastsllized, snd its indiscriminete
use oondemned, Already many studies have been msade and more
are being mede to more clesrly define the cheanged yroperties
of this living tissue, in reapect to the time it has remained
cutside thes body and its effect On re-introduction. To in-
vestigate scome of these propertlies is the purpose of the

studies to follow.



CHAPTER IIX
REPORETED CHANGE3Z 1K PRESFRVED BLOOD

Fart 1

Blochemlonl Chrnges

(1) Hemolysls

The most ocbvious change in preserved blood is the
gradusl hemolysis thut tekes plece. 4Any change in the
external medlum of the ¢ell 1s likely to slter the cell
membrene. Stewsrt (1909) offered bhoth histologicel =and
physicochenliocal evidence to show thet nlteritions of the
superficial layer of the envelope pliy sn important,
often decisive, part in regulsating the exchinge between
the corpuscles znd plesme. He felt that the nstive bloed
pigment probadbly is present in combinaticn with the stroxs
conatituents in the form of & gel. When wuter passes into
~the erythrocyte through the zltered euvelope, the hemochrome
gel is trsnsformed into an agueous solution of hemoglobin.
This agueous hemogloblin insofer as the cell 1s concerned
18 & foreisn body and as such 13 extruded. The envelope 18§
plgment free a'd hes uno affinity for the blood vigment.
Thias remochromolysis, the chonge of hemochrone intc hemo~
globin, mey be distingulshed from stromstolyasis. The farmer_

is secompanied by = relotively am:ell, the lzmtter by =



relatively large escape of electrolytes from the corpuscles.,
To Stewart there seemed evidence enough to sugcest that the
ele ctrolytes which e¢scape may be divided into three fractions:
& portion presumably in solution, which escepes with even

the gentlest methods of laking; & portion, hypothetically

in loose combination or adsorbed, set free only by more
energetic methods; and a portion, more intimstely & part

of the cell structure, which is freed only by such stirong
acticn as incineration.

This work wss one of the earlier, better attempts to
oriticully analyze a phenomenon which had long been observed,
Ubservations in this laboratory indicate that there need
not be any relation between henoglobin loss and electrolyte
loss from the cells (Chapter IV).

The toxicity of hemolyzed blood has been ascribed to
many different factors. Amberson {(1¥37) in a most complete
sunmary of the subject reviews what have been thought to be
the chief etlologleal factors in this toxicity. They are:

(1) stroms as Toxic agent.,

Beginning with Schmidt in 1875 a grest number of workers
have ascribed the scc¢elerated clotting of blood upon the
addition of hemolyzed blood to the stromats of the laked
eélls (376), while silbermen (1886) believed thal it was not
the stromata of the rea bdbleed éalls 80 much as the fibrin

ferment releassed from destroyed leucocytes{367). It has been



suggested that the whole phenomencon may be dus to the
mechanical blocking of the smallest blood vessels (93).

(2} Improper ion belance.

Kronecker (1882) first suggested that the toxic effect
of lsked blood might arise from the high potassium content
of the hemolyzed cells. BPBrandenburg (1903) showed that
bloods with cells with high concentrations of potassium
such ass found in the human, dog, pig, guina& plg, rabbit
and harse were very toxic for the frog heart and that bloods
with lower potussium contents such es the celf, sheep, goat
snd cat, being very low in potassium were not very toxic
(55). o

{(3) anaphylactic Heaotions

Heidelberger and Lancsteiner (1823} showed that hemo-

globin is a weak antigen, hence a second injecvion of hemoclyzed
blood may glve anaphylactic shock.

(4) Yascconstrictor .ctiom

Many authors have described a vasotonic action. hicldavan
(1910) showed that whatever the toxic substance is in freshly
defibrinated blood, 1t has a tendency to disuppear, at least

in part, in about one halfl hour. stevens and lLee in 1884

shosed that whatever the vasetonin iz, it is associated with
the phenomenon of clotting for there is reletively littie of
it in citrated plusms.  Goldberger (183Z) distinguishes between
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a lablle, rapidly disappearing substance, and & more
permanent stable one; the latter derived from disintegrating
cells and falling to appear 1f the cells are repoved at once.,

~mberson has noted the muarked kidney damage in a hemo-
lytic crisis following a transfusion or after massive in-
Jections of hemoglobin experimentally, when the substsnce
collects in the form of crystals or granular casts in cap-
gule ana tubules, yet he hss shown thet these conditions
per se ars not lethel or irreversible. Since this crys-
tallization tekes place in an acid urine it is wise to
alkalinize the pstient or experimental animel (96). The
relat ion between hamplysis and traums, especlslly the type
asgsociuted with heating of blocd, has been stressed by
Depp (101). Levine (253), in a concise experiment, shoved
thet the eflects on snimals glven overheated blood were
very similar or exsctly like the resctions seen after
heterclogous transfusions. after the injection of severely
hemolyzed blood death followed as the result of vasospasm
snd emboli in the lung tissue. In the anuris following
hemolytic crisis with spasm and plugging of the kidney
vessels, Hesse and Filatov (193£) advised denervation of
the kidney followed by rcpeated large transfusions of com=
patible blood.

From the gathered writingszs ol many suthors this may



be concluded; thut therec is a toxiec substance in hemolyzed
blocd, therefore, hemolyzed blood should not be used for

traensfusions, but spparently that toxic substance is not

hemoglobin,

(2) Glycolysis in Preserved Bloocd.

Lvans (1922) showed that there is rapid decomposition
of glucose with the formation of lactic acid in shed blood.
This has a marked effect on the blood in two ways: (1) the
pH goes down, the blood becaming more acid; and (£) the
COp tension goes up as the process continues.

This observation has been confirmed in the studies on

preserved blood by many authors including Bagdassarov (18),

Gnoinski (140), Jenneney and Vievoz (19%) and Jorda and Diez

(208), each of whom has stressed the fact that a glucose
solution is a particularly good medium for the preservation
of red blood cells, 7The following chart expresses at s
glance the comnmon observation that the glucose value goes

. down and that of luotic acld goes up.

From Bagdassarov



The study of glucolysis led Jords and Roes to study
other ferments. They found thst there is no zppreocieble
chuange in the ure: concentrotion of presgserved blood and
concluded that the low temperstures st whlel the blood is
stored coumpletely destroys the ureolytic dissteses. Amylese,
likewlse, 1s gruaduslly destroyed. The presence of glucose

nel ther retards or nocelerztes this process {(210).

(3) Vitel Cupselity

Shamov snd Kostriukov (1929) in their earllest experi-

ments on cadaver blocd established the faot that the vitality
of the red dlood cells ns weassured by its ability to carry

on geseous exchsnge remzined intact ¢s long &8s the cells
lasted.

This work wes reinvestigsted and confirmed by 8kudine
and Barenboim (1931-1922) in Yudin's leboratory before he
used cadaver blood for humsn transfusions,

The Leningresd Institute in an attempt to preserve the
cells udded hydrogen peroxide to pressrved blood., This,
however, was done uot 3¢ much to mointaln funetion ss to
prevent infeotion for they hed tried both urotropin and the
gsalycllates. Hemolysils from any ceuse, but especiaslly in-
fectlion, grestly igar&xsed the rate of oxygen eensumptioﬁ (1§$u

Ponder, in & prelisinary report of his astudies to the

Blood Transfusion Betterment Assoccistion of New Yorx, had
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this to suy: In bloods stored three weeks "no hemolysis
was o served, their resistance to hypotonic szline was
unehunged within the limits of experimental error snd the
oxygen consumption of the cells was unchanged, This last
point is guite remarkable and wholly unexpected. The
respiretion ¢f the red cell is o very delicate indication
of 1ts state of vitality and we had expeoted that it would
fall off steadily, if for no other reason than that the
reticuloeytes mature into cells having & very much smeliler
oxygen consumption.”

Tonder pointed out that in those cases where oxygen
consuaption suddenly increased enormously (10 - 100 fold)
contaminat ion of the blood by bacteris was always the cause,
yet without such a fine test this condition would not have
been suspected. He concludeu that absence of lysls and
genersl satisfactory appesrance of the blcod does not mean
that it 1= not contaminated.

Novak (296), to gusrd against such contamination, has
susgested the use of sulfanilemide in sll preserved blood.

Ingeniously taking advantage of the faot that the rate
of oxygen consumption inereases with infection, Jorde (205)
enclosed all blood in hermetically sealed containers under
two atmospheres of pressure., The amount of oxygen in this

quant ity of air was suffisient to turn the blood e bright red.



If, however, the blood had been contamin:tec, the oxygen
consumption inereased so rapidly that the blood would turn
dark and venous in character, thereby serving as & subtle
and sutomatic indicator of the fitness of the specimen for

use,

(4) Frotein Changes and the irocess of Deamination.

Bodanov, Kagan and Depp, in 1934, made rather complete

studies on the proteins before and after transfusion of
fresh blood. 7These studles were not carried far encugh to
establish complete values for preserved blood but the protein
changes in preserved blood apparently dié not vary greatly
from fresh blood in their results on the protein picture of
the patient. .. typiesl protocol is as follows:
Total RHed Cell rlasma serum Fibrin
-rrotein Frotein irotein Frotein

Before transfusion 15.55_ 12.26 4,29 £.9 1.3

~fter transfusion 18.80 15,50 4.24 3.4 0.83
Increase per cent 19.86 » 19.858% -0.3% 3.0 ~2.84

Knoll (1939, showed considerable variation of the albumen-
globulin ratio with different preservatives, the inversion being
marked in both heparin and vetren (znother heparin preparation)
in the second week with a normal 7:% inverted in each case to

£:8. No explanation for this marked change was offered. In
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citrate and in citrate glucose the change was not marked.

conway and Cook, after preliminary studies in 1830,

presented evidence in 1939 that shed blood rapidly loses
ammonia if the carbon dioxide tension is not mainteined at

e level sufficient to prevent shift in pH. No actual stuiies
have been reported on stored blood, but the question of
deaminatlon in preserved blood is of great interest becsuse

of the effect free amuonia has on the permeability of cell
maembranes gnd the redistribution of inorganic ¢lements through
this ultercd membrane. This phase will be entered 1ﬁto more

fully in the section devoted to experiments.

(5) Cheanges in Hefraction and Viscosity.

Jesnneney, -angernez, Leynarie (l1938) concluded after a

~careful series of refraction experiments that the index of
refraction in the plusma of preserved blood for at least 1B
days is essentially the same a8 that of fresh blood. The
values varied between 1,5480 and 1.0366. .

Knoll (1¥39) hes reported an increase in viscosity in
citrated plusma from l.64 to £.82 in three weeks, This per-
sistent increase in viscosity played e decisive:part in the
attitude of the loscow Hematological Institute which determined
the use of their special preservative in equal parts with the

blood.
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(6} iedistrivution of Inorganice I'lements Between Flesma
and Cells.
buliere in 1631 reported & constant enrichment of
plasmz potassium. :{‘hiswork wus confirmed in this labora-
tory in .pril of 1938 and later by De Cowin (193%). In

July (1938) Jeanneny and vervantie reparted similar findings

ané in October reportec that as the potassium went up sodium
went aown.

kncll, in a ?ery extensive study coumpared the changes
in solutions of sodium citrate, heparin, vetren, the Leningrad
s#0lution and the ioscos solution. There were differences in
the various preservatives, glucose citrate giving the best
results. These c¢onclusions were as follows: casleclum remains
almost constant, potassiuwm gradually increases, sodium gradually
decreascs, chlorides decresse, alksline reserve as mcasured
by carbon dioxide content gradually diminishes and undeter-
mined nitrogen very slowly incresses while indiesn decreases.

Balukhoveky and Ginzburg have reported 8 slow rise in

plasms plhosphates (17).
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CHAPTER III
HOKPHOLUGICAL CHANG! 3

art II

{1) irythrocytes

ned cells are well preserved whether they be in cadaver,
placenta, or donor blood. There is some difference between
the rutes at which deterioraticn ta-es place but the reporis
are sc uniform from the different clinics that individusl
atatistics are of no scded value (98, 198, 206, 411). In
citrate there may Le & loss of 1,000,000 tc 1,500,000 in thirty
days. (noinsky has divided the &%tefiorntian into five stages:
(1) stage of ondulaetion, (£} stuge of crenations (3) Stelliform
phase. (4) ioribund phese. (5} Chost cells. Bagdassorov (37)
has pointed out thet these phases do not holc for blood in
glucose for there in the early stages instezd of the ususl
shrinking in size the cells mey actually become and remain
larger for awhile (16).

4ll agree that the eddit lon of glucose to the preservative

definitely aids in the preservation of red blood cells,

(2) Hemoglobin
There 18 no divergence of opinicn in the ohservation

that hemoglobin levels reme in constant or are asugmented slightly
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by evaporation of fluid.

i

kogcvg;(lgﬁé) measured the resistance of the hemoglobin
by messuring the time in seconds 1t takcs for ithe oxyhemo-
globin spectrum to disappear after adding sodium hydroxide
to the bloocd. For normal males the average time is 80.5
seconus, for females, 56.2 seconds, Flacental blood has
grester resistance than that of the mothers from which it

came and preserved blood resistance 1s increased to 72.5

seconds or higher.

{3) Leukocytes
Unger (1921) showed thet the addition of cltrase to
blood csused marked chsnges in the form and function of white

evils, uJuran corda {204 ) was among the first stucents of

preserved blood to point out that the leucceytes are gradually
destroyed and become sworphous masses by the fifteenth to

the twentieth day. 7The polymorphonuclear leukocytes are the
least resistent end dissppear in sbout one week, the eosino-
philes most resistant and the lymphocytes intermediate in the
lengtih of preservet on of normal contour. Glugoae dig not
affect the destruction of these cells. Tzane§ §nd vreyfuss
{391} pointed out that the msnacyteé may completely diseppear
in from three to four hours and this observat ion wss conf irmed
by Gnoinski (140). Xolmer (23C) reported obvious changes in

the leucocytes in twenty-four hours. In our 1laboratory these
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changes were observed before any literature had been seen.

(4) Flateletes

prinker and Brittinghem (1919} felt that one of the

chier cnuses of reactions following transfusions with citrated
blood was the destruction of the platelets with the liberstion
of toxic substances. =1l subsequent investigators have concwred
in the observation but not the conclusion. By the end of a
week, the platelets have fallen to levels between 10,000 and

50,000 and in some preservatives have completely disappeared.

(5) dragilivy of sryturocytes

The red cells become more fragile as they grow older.
Lepp (1934) reported that for the first two days the fragility
remains unchanged, approximately O.44 for partial hemolysis
and 0.24 for complete. From the third dsy, there 1s an in-
crease which by the sl xth day reaches 0.6, the seventh day
' ©.76-0.80, the tenth day 0.85, and on the eleventh and
twelfth day the first signs of spontaneous hemolysis begins
to show in bleood. .stored in citrete. The aeaddition of gliucose
retards this hemclysia to about the thirty-fifth dsy. Both
shaking and warming incresse the fragllity.

All subsequent observers have simply conf irmed these

findings, the results varying but little froam country to country.
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() Frothrombin

“hile protihrombin in the strictest sense is not a
morphologienl element, it is ineluded here ss a convenlence.
Results concerning its changes have not been as consistent
as those for the countasble elements.

Jick, ostanley Brown and Baneroft in 18356 showed that

this substance or quality is the precursor ol throsbin, the
active comgulating enzyme; and that 1t is remarkably constant

in fresh normsl blood. Brinkhous., smith and arner (1937)

showed that serious hemorrhage does not occur as a result of
prothrombin deficiency until the level sinks below 20 per cent.

Rhoades and Fanzer in 1839 reported a fall of prothrombin
to ineffeoctual levels within a week after storing preserved
blood. 7These investigutors used the method of juick in deter-
mining their le vels,

In lecember, 1658, Lord and pPastore using the Brinkhouse,

smith and garner method repar ted that bank blood 1s an adequate
source of ulasma protirombin or zbout nine deys and reaches
61 ner cent of normel by the end of the third week.

They were unable to account for the difference between
their results and those determined by the ulck me thod, but
did stress the impartance of good refrigerstiocn as & large

factor in preserving the prothrombin content.

(7} oedimentstion rate
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Jeanneney and Vieroz (1934) determined that the sedi-

mentation rate of preserved cells gradually deeresses with
ago. a»t twenty days it mey have dif ficulty in flowing.

Fourestier and rafllas (132) state that & rapid sedimentstion

rate in the donor is perhsps a freguent csuse of post-~trans-
fusicn reactions. at the Cook County Blood Bank it is re-
garaed as one of the most impartant findings in rejecting a
donor (287). Of particular interest is the theory presented
by Jeanneny, in which he postulates that sedimentation rate
chunges and perhaps some reactioas are due to the electrical
charge on the cells; e. g. sssuming =1l the charges on the
cells are positive, trasume in any forxm might change the
charge on the injured cells to negative, then instead of

a mutuudlly repellant force of like charges in the suspension,
there would be sttrections of cells lesding to clumping in
the foraz of pseudo-agglutinatlion or even trus &gglutingtian,
wlith all of the eliniesl secuellae consequent to such &

conditfon (132).

(8) Length of life of Lrythrocytes

«8by (in 1916}, after ¢ thorough review of the literature,
decided that the published statistics on the length of life of
transfused erythrocytes was too short and the methods used to
determine thew inacourate. She atiempted to peot wore accurate

results by transfusing o putient with blood of & zroup other
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than his own, then by tresting specimens of this patisnt's
blood ﬁithvserum that asgglutinsted his cells, lesving the
cells of the transfua&&>blocd intact, she could ecount the
unagglutinated cells and trace the tize of their disuappearange,
She concluded that the 1ife of ¢ fresh donor's erythrocyte
in the body of the transfused lives ot least thirty days,
at times one hundred and ten deys.
wartinet (19s8) stimulated to check the findings of
ashby, ofter the severe eriticism of G8rl (1826), by means
of the agglutinogens & and N, determined that fresh transfused
cells remsined in the reciplent's cells at least sixty days.
ide vetermined this by giving, for instance, the blood
of un ON uonor to an Okl recipient, then collected two tubes
of plood. 7o one (1) he added anti-¥ serum and to the other
(2) anti-§ serum. In tube (1) the cells of the recipient
containing Wi are agglutinated, while the donor's celles con-
taining only N isoagglutinogen remain suspended in the serum
and give 1t & cloudy sppearance. The end point is reached at
the time at which the serum becomes clear, indicating the final
destruction af'all the donor's cells. In tube (2) sinoe both
donor and recipient cells are acted on by anti~N gerum both
are agglutinated ana the serum becomes limpid at once. The
test lies in following, in this case, the degree and finsl

disappearance of the cloudiness in tube (1l).
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Philip Levine, using this method, wsas able to report

at the Americen College of Surgeons meeting in Philadelphis,
October, 1939, preliminary studies {(tc be published leter)
on preserved blood of group M trensfused into group N

individuals with the following results:

Fresh blood 95+ days
Three dsy o0ld blood 80 daya
Ten dey old blood 60 days

Fourteen days old bhlood 20 days
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CHAPTER III
Part III

Changes in Immune FProperties

(1) Complement

farly opponents of citrated blood transfusion (Unger 19621)
advanced the objection that sodium citrate destroys the
complement. Kolmer 1939 states: “This, hbwever, does not
appear to be true, indeed the reverse appears to be the case
as sodium citrate in 0.35 per cent conceﬁtration spparently
preserves the complement of human blood in a remarkable
degree, analogous to the preservation of guinesa plg com-
plement of the wasserman reaction by sodium acetate and
sodium chloride.”

He did find, however, that et the end of 7 - 21 days
there was a loss of bactericidal aetivity for one or more
‘of three test organisms. “hether this was due to gradual
inactivation of complemﬁnt and opsonins, loss of bacteriol-
ys8ins and other none specific leukins or plakins was not

determined.

(2) Fhagocytosis
Phagocytic‘&ctivity w:8 rather markedly reduced in
seventy-two hours and there was aluost total absence of

phagocytosis on and after the seventh day. Here again
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Kolmer felt: "the marked changes in the opsonophagocytic
activities may have been due in part to deteriorstion
of opsonins but undoubtedly were mainly and most likely
entirely due to autolytic changes in the neutrophiles.”
Jorda and Llorach (20¢) found that preserved blood
lost half of its complement by the seventh day end by the
twentieth is almost completely destroyed, the loss par-
alleling fairly accurately the loss of white cells.

Jeanneney, Castanet, and Cator (June, 1939) have made

an attenpt to measure accurately the hemobacteriacidal power
of the blood. By preparing dilutions of the or ganism ageainst
which the blood is to be tested of from 1,000 to 25,000,000
per cc, and adding to each an equal guant ity of blood, hanging
drops may be made from & gelatine bouillon after twenty-four
hours which will show the bactericidsl power in each dilution.
This may be recorced in terms of percentage and used as an
index from day to day in following the course of a patient.
Using this same test he has demonstrated the gradual fall in

the bacteriacidal power of preserved blood.
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CHAPTER IV
EXPERIMBNTAL SIUDIES IN BLOGD PRESERVATION

Part I

Repartition of Potassium in Cells snd Plasza

It has been.tue gommon obgervation of all investigators
of blood preservation thet if the bleod 18 kept long encugh
it invariably becomes hemolyzed or laked (chepter IIT). From
the serliedgt transrfusicns {(Denls, 1867) severe asnd latsl re-
actions haove Deen aszccisted in an ill-deflned but constsent
manner with hemolysis in the blood stresm of the reclplent;
8ince the use of preserved blocd has become more widespread,
the degree of hemolysis observed in the donor's blocd hes
been used as & rough index of the suitabllity of sueh blood
for transfusion (1l&l, 142, 411)

Naunyn in 18688 first descrived the texle properties of
leked bloocd. His coiservations heve besn reaffirmed by many
subsequent invesgtigeatcrs beglnning with Landols, but the
nature of the toxie substence or substences hes yet t0 be re-
veeled. The purpose of the ezperiments that follow is to
throw new light, if possible, on the paturs of this substance.

Phemister snd fHendy reported in 1827 thet there 1s some-
thing in slightly lakxed bhloods which eauses vesodlilatetion

while more severely trsumatized bloods ocsuse vasoconstriction.
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It is not histeminpe, the product of adrenaline dlsintegration,
nor the pituitary principle. It is not developed as the result
of changes in oxygen, ocurvon dioxide, or hydrogen lon concen-
tratlon; shifts in temperature; or expcsurs to light or eir,
Petroff observed vesooonstrictlon of the splenioc, renal, and
pul&onary vessels following the injeetion of hemolyzed blood,
but did not isolate the ceusastive fsotors (319). Amberson
has established the fset thet the toexle Ifactor 1s not henmo-
globin ().

Kronecoker as long sgo &s 1BBZ suggested thet the toxie
effects of lsked blood were due to its high potassium content.
The report of Dulidre, in 1931, of & constent enrichment of
the serum potessium in whole bdlood stored for seversl days
reises agaln the guestlon of the reiation of this toxic sub-
stance to the unfavorsble results still encountered too Ifre-
guently in the operaticva of blood trensfusion. The cells of
& heslthy humap blood in vive contein twenty tlmes s&s much
potassium 88 the plasza. Any dislocation from its natural
environment introduces the possibillity of eltering this normel
Gistribution of the chiel bsss of the cells. Altered
structure 1s tentamount to altered function. Beaoked blocd,
therefore, sesems worthy of reinvestigetion from the polnt of

view of its altered chesmlesl ccmposition.
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Flrast Series

The Cirst group of experiments wes designed to check
Dulidre's stetement. Two semples ¢f the seame human venous
blooG were collected with aseptic precautions end Xept in
pyrex flosks stoppered with cotton, in the dark, in 8 Te-
frigerator at 4° C, in the following msnner,

Experimpent 1
The bloocd, 280 cec., wes kept under ligquid petrwl&tﬁm,
Experimsnt &

The blood, 250 cce., was mized with 2.5 per cent solution
of sodium citrete in sufflclent guantlty to mske & mixture
contelning 0.3l Gme per 100 cec. of blood.

At the sane ti&& 8 & ¢¢. senple wes mixed with heperin
(Conneught) in & centrifuge tube and spun for one hour. This
served o3 the ssmple for bese line dstermineticons.

Portions of the serum or pleswa were pipetted off at
twénty~faur nour lutervels for five deys and then &t &pprox-
imetely weekly intervelis fur a& month., With esch analysis,
wateriali for culture wes taken and streexed on blood ager
pletes. These were observed for zrowth at the end of twenty-
four and forty-elght nours.

Methods
Potessium detersinsticns were done throughout by the

argenticobaitinltrite method of Xramer snd Tisdall (231)
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as modified by Breh and Gaebler (57) and further refinesd

by Truszkowskl and Zwemer in 1936. The flnsl readings were

mnade on the Evely photoelectric colorimeter (117). The
values given are the mean of two allguots. Cell volume

wes determined by Seuford-Meleth tubes (343), spun for one

hour at 2,000 revolutlons per minute. Speciflic gravity wes
measured by the method of Barbour and Hamilton (19). The
plasms protein content wes calculated from the specifie

gravity by the formuls of Weech, Reeves, snd Goettsch {(416).

Regults
Blood XKept Under 01l Without A Preservative
The blood of the donor, Doetor J. 8., wes of group B.
Procedure:

In addition to the deterrinstions mede at the time of
the bleeding which served ss baasic velues, eight other sets
of analyses were made, &nd the results are eixpressed in
four wavs {(table 1):

1. Column 4; ectuelly observed; serum potsssium as
milligrams per hundred cubic centimeters of serum.

2, Column 5; by celeculetion &s milllgrams of potassium
in the serum of 100 oc. of blood. This figure for practical
- purposes glves &t & glance the actusl smount of serum potassium
in every hundred cublc centimeters of blood on any glven day
when preserved in the atmted manner.

3¢ Column 8&; by caleulation es milligrams of potessium
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glven off into the serum by each hundred cublic centimeters
of cells. This figure is theoretically more convenient for
copparative purpcses, as it obviates the differences crested
by bloods whose cell volumes msy vary markedly from normal.

4. Column 7; es percentage of potasaiuvm which hes
diffused out of the cells,

fach day's velues represent the sur of the increments
for thet particulsr day, cere being taken throughout to
estimete the amount of potmssium removed in the various test
samples,

Basic Vulue:

Hematocrit reading 04.3 per ceut Cells
45.7 per cvent Serum

Plusma potesaium £1.0 mg. per cent

¥hole blood potassiunm 20£.,0 ng. per cent

Cell potassium (calculated) 354,00 mg. per cent

Plesma gpecific gravity 1.0274

Plasma proteins .87 Gm. per cent

Calculation: (a) ¥for base line or zero vslues

Bloocd sample 250.0 ce.
Serum volume 250 x 457 {pev eent serum) = 1l4.4 oo,
Determined serum potassium 21.0 mg.per cent
Total potassium in original serum £4.0 nmg.

{(b) For rirst day's increment.

£ cc. sample tsken.
Serum potessium (observed value) 40.0 mg.per cent
Poteasium in € ce. sample ' 0.8 mg.
Potassium in residusl serum 1l14.4-2x.4 = 45.0 ng.
Total potassiun in serum

efter 24 hours 45 + 8 =45.8 mg,
Inereese in totel potessium

in serum in 24 hours

45,8 - £24.0 (originelliy present) = 21,8 mg.
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Inorease in serum potassium of
100 cc. blood in
first 24 hours 21.8 x 100( ) = 8,7 mg.
cC.

Amount of potassium glven off in
first 24 hours by each 100 cc. cells
21.8 x 100 =16,0 mg.
280 (cc. blocd) X .54% (% cells)

Percentege of cell potessium diffused
out into serum in first 24 hours
16(amount lost) = 4,5
ZE4 (orlginal cell potassium)

In e similer manner each day's results were determined
end expressed as the aum of the lncrements,

The results are shown in taeble i end figure 1.

Eiperiment 2: The same steps were repeasted in experiment
{2) snd the results are graphiocslly represented ln figure 1.

In ezch of the two flesk there was a stsedy rise in
serum or plasms potassium. In the hematoerit tube, however,
for the Tew deys observed, the increment was less and sugrested
elther heparin wes a markedly superior preservstive or the
slow diffusion was the result of some other factor.

In each instance, there was discernsble discolorstion
of the supernetant fluld by the fifth day end obvicus hemolysis
by the fourteenth.

Discussion

The findings in table 1 suggest that blood kept under
oll at & constent tempersture loses in the first week at
least 25 per cent of its cell potassium, at the end of three

weeks about 40 per cent and diminishing guantities from that



Table 1
. Experiment 1
Blood Kept Under 0il Without Preservsative

1 2 . 3 4 5 6 7 8
Date Sample Days Milligrams of Potassium Percentage Hemolysis
. Observed Value Sum of Increments of Cell X (Observed)

Per 1060 Cc. Per 100 Cec. ¥rom 100 Ce. Diffused Out
of Serum* of Blood of Cells

3/27/38 1 1 40.C 8.7 18.C 4.5 0

3/28,38 2 2 68.6 21l.1 39.2 11.C 0

3/29,38 S 3 83.0C 27.2 51.C 14.2 0

3/30/38 4 4 100.8 35.1 64.7 18.3 0

3/31,/38 5 5 133.2 48.6 89.7 25.3 0

4/ 9/38 6 14 200.0 76.1 140.5 39.6 ++++

4/15/38 7 20 206.4 78.8 145.2 40.9 F+++

4/29/38 8 34 225.0 86.0 158.0 44.8 ++++

*Yalues uncorrected for sample removed.
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time on., 8tated in more prscticsl terms, such biood =t the
end of the first week contalns in the gerum of easch hundred
cubic centimeters of bloed at lesst 50 me. of potassium sud
at any tlme sfter two weeks at least 75 mg., the smount

graduelly increesing

Second Series
The seccnd group of experiments was designed: (1) to
check the results of the first series, (&) to ascertsin

the sffect of trauma {suen 28 shevivg) on the rate of loss

.of potessium rfrom cells, and (3) to szee what effect the

shape of the contalner nad on the rete of diffusion.
~The blocd of the denor, Doetor G. 3., was of group O.
Five hundred cc. of blood wss collected and plaeced in three
pyrex flasks,
Experiment 3
The blood, 150 cec. wss <ept under oll without en anti-
coaguleant.
Experlment 4
The blood was pleced in & Sznford-Negath hematooerit
tube contalning heperin end spun for an hour.
Experiment §
The blood, 190 ce. wes mixed with 50 nmg. of heparin.
Experiments & and 6B
The blood, EU0 cc., was mixed with the ususel sodium

citrets solution.
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These flasks were treeted in o menner sixiler to

the first set. The results are shown in teble 2,
Discussion

¥From the observed values, none of the asuticcegulants
prevented the loss of potessium from the cells. The rate
of diffusion appesred g little slower in the citrated blood.
There waa a distinet difference in the heparinized bloods
(figure 2), that in the container with the larger interface
showing the more respld diffusion., This indicates that the
shape of the container snd not the sntiococsgulant wes probebly
the cause ¢of the slow diffusion in the heparinized blocd in
the first series. Here again, agitation by vigorous shaking

haatened the process of diffusicon (figure 3).

Third Series
In the third serlss four sarples of Iresh venous whole
blood were preserved in 2.5 per oent solution of sodium
citrate, 3 per cent solution of sodium ciltrete, Peyton Rous
solution (339), and the Fussien citrate solution (18).
Cxperiment 7
Blood Preserved in 2.5 Per Cent Solution of Sodium Cltrate
The blood, from & professionel donor, G. W., weas of
group Q. To 185 oo, was added 17.95 co. of 2.5 per cent
solution of sodium citrate to give & wmixture contelning

0.3l CGm. per hundred cuble centimeters of blood. Esch day



Table 2

{Experiments 3, 4, 5, 6, and 8B)

Blood Pregserved with Different Preservatives

Date Days Qbserved Values of Potsssium &s Milligrsms Per Cent*

Under 01l Heparinized Hepsarinized Citrated Citrated Hemolysis Culture

150 Cec. 5 Cc. in 150 Cec. 200 Cc. 200 Cc. {(Observed (Blood
in Flask . Test Tube in Flask in Flesgk after Agar)
Sheking

Exver. (3) TFxper. (4) Faper. (5) Fxper. (6) Fxper. (6B)
5/25/38 1 42.0 19.1 43.3 29.8 42,0 ] o**
5/26/38 2 74.5 32.8 3.7 80.8 7%.0 0 0
5/27/38 3 103.0 42.3 103.0 86.0 97.4 R 0
5/28/%8 4 105.0 -- 115.0 105.0 117.0 * 0
5/29/,38 5 129.0 - 142.0 113.0 - ¥ 0 t:
5/30/38 B 150.0 -— 1556.0 132.0 141.0 i+ o o
6/ 3/38 10 - 174.0 - 187.0 163.0 169.0 et o T
8/ 5/%8 12 188.0 - 194.0 - 175.0 +44+4 0
6/ 7/38 14 182, Q%** - 183.0 168,0 172.0 Fabt 0
6/ 8/38 15 - - - 183.0 - et 0
6/23/38 30 - - 211.0 - - s 6]

* These vslues were determined on the samples removed from the flasks.

They are not corrected

for quentity, dilution or the small emount of plasms or serum removed for the enalysis (2-5 ce).

** 0 = no growth.

***¥ This decresse, &s well as other terminel values in tables 3, 4, 8, 9, and 10 iS uneXplained.



FIGURE 2

EFFECT OF INTERFACE AREA ON POTASSIUM DIFFUSION
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Data from experiments 4 and 5, table 2

FIGURE 3

EFFECT OF TRAUMA ON POTASSIUM DIFFUSION
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a £ ce. sample was removed from the supernatant fluild with-
out dilsturbling the cells and the potassium content determined
es 1ln experiment 1.

Basic Veslues:

Hemetocrit reading 45,5 per cent Cells
54.5 per cent Plasma

Plasma potessium 19.8 mg. per ocent

Whole blood potssasium 198.0 mg. per cent

Gell potassium {(celceulated) 410.,0 mg. per cent

Plasma specific gravity 1.0874

Plasma proteins £.97 Gm. per cent

Calculationss

Blood ssample 125.0 co,

Plasma volume 88,0 cc.

Totel fluid volume 85.5 ece.

Plasma potassium in 88,0 co. 13.51 mg.

Theoreticel potassium in totel fluld  13.51 me.
Actusl potassium iu sample of
plasma and preservative mixture
on 8B/17/38 just after mixing 12.684 mg.
(hereefter, the word plasms
means this mixturse)

The base line or 2ero velues, therefore, are:

Plesme potussium per 100 oo, 14.8 ng.
Plasms potessiun per 1060 co. o
of blood 10,1 mg.

Plesma potessium per 100 cc. cells 22,5 tige
The results are tabuluted in teble 3 and grephically

represgented in figures 4 and 5.

Experiment 8
Blocd Preserved in 3 Per Cent Solution of Sodiux Citrete
The donor wes the seme as in experiment 7 and the

procedure was the sune ezcept thaet 15 co. of & 3 per cent



Table 3

Experiment 7
Blood Preserved in 2.5 per Cent Solution of Sodium Citrate

Date Days Milligrams of Potessgium Percentage Hemolysis Culture
Observed value Sum of Increments of Cell K (Ohserved)  (Blood Ager)
Per 100 Ce. Per 100 Cc. From 100 Cc. Diffused Out
Plasgme Blood Cells

8/18/38 1l 20.0 3.0 78 1.9 o -
8/19/38 2 27.3 7.3 18.1 3.9 0 0
8/20/38 3 43.1 18.1 32.2 9.7 4] 4]
8/21/38 4 56. 2 26.4 58. 2 14.0 0 0
8/22/38 5 67.3 33,1 74.5 17.7 0 -
8/23/38 6 68.3 33.7 74.2 18.1 0 -
B/24/38 7 70.2 34.8 76.2 18.7 0 -
8/85/38 8 78.0 39.1 85.9 £1.0 O 4]
8/26/38 9 81.7 41.1 90.5 £22.0 0 -
8/27/38 10 94.5 47.8 105.2 25.6 2 —
B8/29/38 12 111.0 58.2 123.7 30.1 - -
8/31/38 14 121.0 61.1 134.2 32.8 trace 0
9/ 2/38 16 136.4 68,5 150.9 36.7 definite -
9/ 4/38 18 152.8 75.8 165.0 40.8 + —
9/ 6/38 20 165.0 8l.4 177.0 43.6 4 8]
9/ 8/38 22 171.0 84.0 182.% 45. +4+4 ——
9/10/58 24 180.0 87.7 182.0 47.0 4+ —
9/12/38 26 191.0 92,0 - 200.1 49,3 ++4+ 0
9/14/38 28 182.0 88.6 192.8 47.5 set s
9/18/38 30 188.0 90.8 198.2 48,7 +ett —-—

9/20/38

pH = 7.869 % 0.05 as determined by glass electrode.

“Y9TT-



FIGURE 4

Preseprvative: T0cc. of 25 % sodium citrate for
each 500 cc. of blood
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Data from experiment 7, table 3

This chart shows the actual amount of plasma
potassium in 100 cec. of blood and the amount
given off by 100 cc. of cells.
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soelution of sodium oltrste in sterile water wes used us

the preservetive for 128 cc. of blocd. The gran percentages
#re exactly the ssue, (.21,

Besic Velues:

Sane a8 in experiment 7.

Celeulsticons:
Blood semple 125.0 co.
Plsasme volume 68.0 ce,
Totel fluld volume #3.0 ce.
Theoreticsl potassium in totsl
fluld 13.51 ity S
Actual potssasiuem in total fluid 12.64 mg.
Z Zero values!:
Pleams potassium per 160 cec. 15.3 nmg.
Plasme potassium per 100 co.
of blood 10,19 mg.
Plasme potassium per 100 co,
of cells £E.38 mg.

The results are tebuleted in teble 4 and graphically
represented in fipure B,
Experiment 9
Blood Preserved in Russian (I.H.T.) Citrate Compound*®
The blood of the donor, Dooctor C. H. D., was of group O.
Fifty ce. of blood was edded to an equal guantity of

preservative mede up sccording to the followlng formulsa:

*Sodiur chloride 7.0 Gm.
Sodium citrate 5.0 Gm.
Potassiun chloride 0.2 Gm.
Hegnesiuw sulfsate U.004 GCm.
Distilied wuter 1000.0 ceo.

The rate of diffusion determined &8s in experiments 7 and 8.



Blood Preserved in 3 per Cent Solution of Sodium Citrate

Teble

4

Experiment 8

Date Days Killigrams of Potegsium Percentage Hemolysis Culture

Dbserved Value Sum of Llncrements of Cell K (Observed) (Blood Ager)

Per 100 Ce. Fer 100 Cc. From 100 Ce. Diffused Out
Plesms Blood Cells o

8/18/38 1 18.7 2.2 4.8 1.2 0 -
8/19/38 2 32.8 11.1 24.5 8.0 0 Y
8/20/38 3 42.1 16.9 37.1 9.1 0 0
8/21/38 4 £4.8 24.3 53.3 13.0 0 -
8/22/38 5 82.86 29.0 83.8 15.5 0 -
8/23/38 8 63.0 29.3 64.3 15.7 0 -
8/24/%8 7 75,5 35.0 72.0 18.8 0 0 L
B/25/%8 8 76.2 36.5 80.2 19.6 0 - e
8/26/38 9 80.1 38.5 85.5 20.6 0 — N
8/27/38 10 883.3 42.7 g92.1 22.9 0 - '
8/31/38 14 111.0 53.8 117.8 28,7 trece 0
9/ 2/38 18 126,1 60.4 133.1 32.4 + -
3/ 4/38 18 146.4 69.4 152.3 37.2 + -
9/ 6/38 20 157.0 73.8 162,.3 39.6 ++ 0
9/10/38 24 172.0 79.5 174.8 42.6 +ré -
9/12/38 28 179.0 82.5 181.8 44.2 rHEe 0
9/14738° 28 187.0 85.5 187.8 45.8 +Hee -
9/16/38 30 181.0 83.3 183.5 44.7 +Ert -
9/80/ 28 pH = 7.76 ¥ 0.05 as determined by glass electrode.
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Bagle Values:

ifematocrit reading 46,1 per cent Cells
51.9 per cent Plesma

Plasusa potassiusm 15.% mg. psr cent

Whole blood potassium 196.0 mg. per cent

Cell potussium (calculuted) 388.0 mg. per cent

Plaama speclific gravity 1.0872

Plesme proteins 6.9 Gm. per cent

Caleculationsg:

Blood sauple 0.0 oo,
Plesaa velume 25.0 oc.
Total fluld velume 76,0 co,
Theoretieal potassium in
Ltotunl potassium In first senmple 10.78 mg.
Zero values:
Plasma potesslum per 100 cc. 14.5 mg.
Plaans potessium per 100 oco.
of blood 2l.44 mg.
Plsaza potessium per 100 ce.
of cells 44.8 Dige

The results sgre tabulsted in teble © and grephliceelly

repregented 1ln figure 3.
Experiment 10
Blood Preserved in Peyton Rous dolution*

The blood of the domor, Doctor J. 8., was of zroup B.
To 180 cc. of hlood was sedded 250 cc. of .4 per cent
solution of glucose in distilled wster an& 100 ¢c, of 8.8
per cent solution of sodium citrste.* Potassiux determinations
were mude s8 before.

Baslc Values:

Hemntoerit readling 5U0.0 per cent Cells

0.0 per cent Plasma
Plesme potsssium £2.5 mg. per cent
Whole blood potassium £08.0 mg. per cent
Cell potsasium (culoulated) 388.0 mg. per ocent
Plesmo specific gravity 1.0283

Plaems proteina 7.28 Gm. per cent



Table O
Experiment 9
Blood Preserved in Kussian Citrete Compound

Date Deys Milligrams of Potszssium - - Percentage Hemolysis Culture
Observed Value Sum of Increments of Cell X (Observead) (Blood Agar
Per 100 Co. Per 100 Ce. From 100 Cec. Diffused Out
Plasne Bliocd cells

8/21/38 1 18.5 6.0 13.5 3.2 0 0
8/22/38 2 £4.3 14.5 1.2 7.8 0 -
8/23/38 3 30.2 22.7 43.2 1z.8 0 -
8/24/38 4 32.9 26.3 55.7 14.1 0 0
8/25/38 5 35.6 29.8 £3.8 16.0 0 -
8/26/38 6 40.3 35.9 72.5 19.2 o -
8/27/38 7 46.1 43.0 80.5 - 23.1 0 -
8/31/38 11 62.6 60.4 1268.7 32.4 trece 0 o
9/ 2/38 13 72.0 68.7 144.0 36.8 + - o
9/ 4/38 15 83.9 83.9 175.0 45.0 + - 2
9/ 6/38 17 95.0 95.4 199.0 5l.2 -+ 0 ‘
9/ 8/38 19 102.8 103.4 215.5 55.4 +++ -
9/10/38 21 111.8 111.8 33.0 60.0 ++4 -
9/12/38 23 113.0 113.0 235.5 60.6 reed 0
9/14/38 25 117.0 116.4 242.5 82.4 +r+4 -
9/16/38 27 122.0 120.7 £52.0 84.7 +++F -
9/18/38 29 123.0 121.7 254.0 55.2 +etd -

9/20/328 pH = 7.59 10.05 es determined by gless electrode
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Caloulations:
Blood ssuple 150,0 eo.
Plesrna volume 75.0 ce.
Total fluld volume 428,00 cc.
Theoreticel potasgsium of
first sample 17.1 mge
Actual potassium of irst
szuple £1.2 mg.
Zero values!
Plaame potessium per 100 cc. 5.1 me.
Plaama potzsalum per 100 cc.
of hlood 14.2 mg.
Plasme potassium per 100 ecc.
of cells 2B.3 mg.

The results are tabuleted in table & end graphically
represented in figure O,

The high percentave of sodium citraete in this
preservetive contrelindiostes 1ts use for trensfuslicns;

the cella, however, msy be resuspended in ssline and used.

Summery Part I

1. There ls & Acily lnecresse in the amwount of potasaium

. present in the serum or plesme of whole bloed kept in vitro

under aseptie bucterioststic conditions,

E. The trensference of potessiux Trom cells to plasus
bezins at the time of withdrewsl from the blood stream, is
rapid &t flrst snd gr=duslly diminishes in rete.

Ze The totsal emount found in the serum at the eund of ten

devs reaches 25 per cent of the total potassium oontent of

the red blood cells in the fregh staste snd =t the end of

thirty devs may exceed 50 per cent.



Experiment 10

Table 6

Blood Preserved in Peyton Rous Compound

Date Days ¥illigrams of Potassium Percentage Hemolysis Culture
Observed Value Sum of Increments of Cell K {(Observed) (Blood
Per 100 Cc. Per 100 Cc. ¥From 100 Cc. Diffused Out Agar)
Plasna Blood Cells

7/16/38 1 7.1 5.9 11.9 3.0 0 4]
7/17/38 2 9.7 13.0 26.3 6.8 (4] -
7/18/38 4 14.5 26.3 53.0 13.5 0 ]
7/20/38 5 16.8 32.4 65.2 16,7 4] 0
7/22/38 7 " 18.5 36,8 74.2 19.0 0 0
7/23/38 8 20.4 42,0 84.6 1.6 0 §)
7/24/38 9 2l.4 44.6 90.0 23.0 0 4]
7/25/38' 10 22.9 48.5 87.8 £5.0 0 o i
n/26/328 11 26.1 57.4 114.8 29.6 0 - B
7/87/38 12 29.1 64.68 120.2 33.9 4] - g
7428738 13 30.8 68.9 138.9 35.5 8] - 1
7/29/38 14 32.1 78.0 145.2 37.2 0 -
7/30/38 15 32.8, 73.9 149.0 38.1 0 -

8/ 1/%8 17 5.0 79.5 160.2 41.0 0 -

8f 2/38 18 3D.7 81,8 163.6 42.2 -0 -

&/ 4/38 20 Z6.6 83.4 168.0 43.0 0 -

8/ 5/38 21 37.5 85.7 172.6 44,2 0 -

8/ 6/38 22 32.6 90.5 182.3 46.6 0 -

8/ 8/38 24 40.0 9l.8 184.9 47.3 0 -
8/13/38 - 29 4%.5 100.2 201.9 51.7 0 0
8/15/38 31 46.3 107.0 215.8 55.6 4] 0
8/31/38 47 53.8 124.3 250.5 84.1 0 -

9/ 6/38 53 62.4 145.0 £80.0 74.7 O 4]

pH = 6.84 ¥ 0.05 as determined by glass electrode.
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Potassium mg. per cent
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%

4, The rate gt which the potassium {8 given wp by

the cells 13 greatly lnoressed by shekling.

5. The rute ut which potussium is given off lncresses

a8 the sre of interlsce between the cells snd the super-
nateat serun inereases; that 1s, the cells apperently keep
better In tubulsr eonteliners of swell dismeter than in wlde
bottomed flasks.

6 Heusolysls appecred at varying times in the different
Ssmples; none was observed in the smaple preserved in the
¢itrate~saline-gincose solution.

7 Chanses observed in these experiments were not due to
hacterisl IlnTection.

8. Sodium eitrete in & 0.Z%1 Gm. pér cwnt solution is more
effective ag a pregervative then the more complex Kussian
(I.B.T.) eitrats occmpound.

G The cltrate-szline~slucose sclution of Lhous and Turner
prevents loss of hemoxlobin from the cells but not the loass

of poteasium.
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CHAPTER IV
Purt 11

A Comparison o tne Hutez &t which Cells Lose Potassliunm
snd Hemoglobin

In the third series of experiments repeated atisupts
t0 measurs sccurdately the small srounts of hemoglobln in
the plasws ol only slightly hemolyzed blowds were un-
guccessful wlith the ugual acld hesetin zmethods suoch =8 the
flelige and Sahli. With the Pultrich photometer, however,
small dally incremeuts were demonstravle with grester
consistenocy. The method used 13 u wodification of that
described by Heilmeyer (173). The content of hemoglobin
mey be cslouleted in grams per 100 oc. of plascae thes re-
expressed ag grams lost Irow the cells per 100 cc. of Dblocd,

The potassiuw determinetions were done as deascribed
in part I, the cultures on blood agar plates, snd the pH
determinetions first by titrstion end then checked by meuns
of 8 Helige gluss electrode potentiometer which had bLeen
calibrated by buffers.

Experiment 11

Blood Preserved in Diluted Rusalen Citreste Compound

The blood of the profeasional donor, J.¥, was of group
0. FEgual parts of bloed and diluted preservatlive were

mixed by sdding 125 cc. of blood to 125 ce. of yreservative



which conteined 878 mg. of ascdlur ohloride, 825 nme. of

e
kS

scdlum citrate, 25 ng. of potussiuw chlorids, end .3 ng.
of mawnesiun sulfate (71).

The Dlood end preservative wsch were checked fur
inltial pH values and compsred to the pH of the mlixture
et the end of the siperinment.

Hemoglobln deterninstlong were done at the llrst
sugrestion of hemolyais. Cultures were taxen st well
speced intervals.

n deterulnlng the dally increments

f

The sero value used
of hewmoglobin was 40 zu. in $he plesme from 100 oco. of blood.
This guantity is cur normel velus for bleod which h83 been
centriluged for one hour.

Baslc Velusg:

Hepatoorit resding 45.6 per cent Cells
54.4 per gent Plasua

Plesme potassium 17.86 mg. per cent

Whole blood potessium 192.0 mg. per cent

Cell potamssium (cslcoulatsd)  400.0 mg. per cent

Pleame speciiiec grgvity 1.0253

Plasma proteins 2,20 Gm. per cent

Bloed pH 7B

Pregervative pH 7.4

The results are tebulsted in tsbls 7,
Experiment 12
Blood Preserved in Bodium Cltrste snd Eschetin
Tne blood of the professionsl doner, J. Y., was of

£

group 0. To 128 ce. of blood wess added 19 ce. of 8 & per

cent sodium eltrate solutlon and 10 ce. of sachatin {cortieo



Table 7
Experiment 11
Blood Preserved in Diluted Russian Cltrate Compound

Date Days Milligrams of Potassium Percentage Milligrams Culture
Observed Value Sum of Increments of Cell K Hemoglobin  (Blood Agar)
Per 100 Cc. Per 100 Cc. From 100 Ce. Diffused Out in Plasme
Plasma Blood Cells Per 100 Ce.
Blood

8/23/38 1 19.2 9.7 2k.2 5.3 - 0
9/24,38 2 26.3 20.5 44.9 11.2 - -
9/25/38 3 27.8 22.8 50.0 12.5 - -
9/26/38 4 37.3 37.0 81.0 20.3 - -
9/27/38 B 40.1 4l.4 90.0 g2.5 - 0
9/28/38 & 47,7 58.3 114.7 28.7 - -
9/30/38 8 50.3 568.1 123.0 30.7 - -
10/ 2/38 10 53.8 60.9 133.5 33.4 - -
10/ 4/38 12 60.9 71.4 156.5 39.1 - -
10/ 6/38 14 87.5 80.7 177.0 44.3 - -
10/ 8/38 le 74.1 90,0 197.4 49.3 - 0
10/10/38 18 80.1 98.4 215.8 54.0 - -
10/12/38 20 81.9 100.8 221.0 55.3 0.7 -
10/14/38 22 84.0 103.8 227.5 56.9 1983.0 -
10/16/38 24 92.7 115.7 253.7 83.4 341.0 -
10/18/38 28 100.3 126.0 276.0 89.0 533.0 0
10/20/38 28 106.5 134.3 294.6 73.8 692.0 -
10/22/38 30 107.3 135.4 296.8 74.2 813.0 -
10/24/38 32 109.0 - 137.7 302.0 75.5 1172.0 -
10/31/38 39 111.0 140.2 307.5 78.9 1708.0 -
11/ 7/38 46 123.0 155.5 342.0 85.4 2242.0 -
11/14/38 53 128.3 182.3 356.0 89.0 3157.0 0

11/18/38 pH = 7.31 % 0.05 as determined by glass electrode.

~V331-



FIGURE 6

BLOOD PRESERVED IN SODIUM CITRATE AND ESCHATIN
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Data from experiment 12, table 8

Note that nearly 50 per cent of the cell potassium
had diffused out before there was any evidence of

hemolysis.




adrenal hcormone); the mixture belng trested =s that of
experizent 11,
Besle Values:

Same n3 in experiment 11 except that the pH of the
eltrate-eachatin rixture was 7.3,

These resnlts sre tabulsted in teble 8 and graphlieally
represented ln flgure 6.

Expeoriment 13

Blood Preservad in Undiluted Rusaslen Cltrate Compound

The blood of the professional donor, 7. ¥F., wes of
group 0. The procedure wes simlilar to that of experiment 11l
excspt thet only one halfl the quantity of preservative was
used and no distllled weter wsa added. The 12.5% cc. of

P

preservative contalined 312.5 mg. of sodium cltrate, tc mske

The resulta ave tabulstsed in teble 9,
Experisent 14
5lood Preserved in Greyv's Bulfersd Sodution
The blood of the profesgsicnal donor, J. F. was of group
0. The procedure was ths suwe &s that in experiment 11
except that 112,95 ce. of blood wes used snd 12,5 ec. of
preaervetive prepsred sccording to Grey (100).

The results sre tebulsted in table 10.



Table 8
Experiment 12

Blood Preserved in Solution of Sodium Citrate and Adrensl Cortex Extract

Date Days Milligrams of Potassium Percentage Milligrams Culture
Observed Value __Sum of Increments of Cell K Hemoglobin (Blood Agar)
Per 100 Ce. Per 100 Cc. From 100 GCc. Diffused Out in Plasme
Plasme Blood Cells Per 100 Ce.
Blood

9/23/38 1l 2l.8 6.6 14.5 3.8 - 0
9/24/38 2 28.9 11.8 26.0 6.5 - -
9/25/38 3 35.5 1607 36-6 g.l - -
9/27/38 5 53.1 29.0 64.0 18.0 - 0
9/28/38 2] 62.0 35.28 77.2 19.3 - -
9/29/38 7 64.9 7.2 8l.5 20.4 - -
10/ 2/38 10 79.8 46.6 102.2 25.6 - -
10/ 4/38 12 80.5 54,3 119.0 29.8 - -
10/ 6/38 14 103.0 82.2 136.5 34.1 - -
10/ 8/38 18 119.0 72.2 158.4 39.6 - 0
10/10/38 18 130.0 79.1 173.4 43.4 - -
10/12/38 20 142.5 86.7 190.2 47.6 78.0 -
10/14/38 22 167.8 101.9 223.3 55.8 98.0 -
10/18/38 26 178.0 107.8 236.3 59.1 354.0 0
10/20/38 28 185.5 112.0 245.6 6l.4 369.0 -
10/22/38 30 188.5 113.6 249.0 62.3 488.0 -
10/24/38 32 207.0 123.5 271.0 67.6 715.0 -
10/31/38 39 214.0 127.2 279.5 69.8 1203.0 -
11/ 7/38 46 231.0 135.5 297.0 73.3 184€.0 -
11/14/38 53 217.5 - ——— - 2180.0 0

11/18/38 ~ pH = 7.51 I 0.05 as determined by glass electrode.

-ve31-



Table 9
Experiment 13
Blood Preserved in Undiluted Russian Citrate Compound

Date Days Milligrams of Potassium Percentage Milligrems Culture
Observed Value Sum of increments of Cell K Hemoglobin (Blood Agar)
Per 100 Cc. Per 100 Cc. From 100 Cc. Diffused Out iu Plasma
Plasma Blood Cells Per 100 Ce.
‘ o Blood
9/24/38 g 43,1 13.4 29.2 7.3 - -
9/25/38 3 60.2 24.4 53.4 13.3 - -
9/26/38 4 72,3 50.8 67.4 16.8 - -
9/87;,38 5 - B4.9 39,2 85.6 - El.4 - 0
9/28/38 8 95.0 44.5 97.3 £4.3 - - '
9/29/38 7 101.0 48.0 1086.0 26.2 - - ﬁ
9/30/28 8 106.0 51.0 111l.2 £7.8 - - - &
10/ 2/38 10 114.0 56.5 123.4 30.8 - - e
10/ 4,38 12 130.5 60.8 133.0 33.2 - -
10/ 8/38 14 140.0 69.8 152.8 8.2 - -
10/ 8/38 18 154.5 77.5 169.6 42.4 - o
10/10/38 18- 169.5 £5.4 186.5 46.6 - -
10/12/38 20 171.5 86.1 188.0 47.2 115.0 -
10/14/38 228 187.8 85.0 207,58 51.8 170.0: -
10/16/38 24 - - - - £53.0 -
10/18/38 28 203.5 102.0 283.0 5%5.7 254.0 Q
10/20/38 £8 207.8 104.0 £27.5 56.9 476.0 -
10/24/38 32 £18.5 108.5 237.0 9.2 292.0 -
10/31/38 39 £28.0 112.0 245.0 61.3 1492.0 -
11/ 7738 46 238.5 114.2 250.0 82. 2108.0 -
11/14/38 53 222.0 - - - 3554.0 0

11/18/38 pH = 7.45 ¥ 0.05 as determined by glass electrode.



Table 10
Experiment 14
Blood Preserved in Grey's Buffered Solution

Date Days Milligrams of Potassium Percentcge Milligrams Culture
Observed Value Sum of Increments of Cell X Hemoglobin (Blood
Per 100 Cc. Per 100 Cec. From 100 Cec. Diffused Out in Plasme Agar)
Plasme Blood Cells Per 100 Cc.
Blood

9/23/38 1 27.5 7.4 16.2 4.1 - 0

9/24,38 2 E7.3 15.0 32.9 8.2 - -

9/25/38 3 51.2 24,1 53.0 13.2 - -

9/26,38 4 63.0 30.9 67.8 17.0 - -

9/27/38 5 80.8 42.1 92.4 23.1 - 0

9/28/38 6 88.7 46.9 102.9 25.7 - -
9/29/38 7 95.7 651.2 - 112.3 28.1 - - i
9/30/38 8 102.5 55.6 121.8 30.5 - - e
10/ 2/38 10 104.0 56.1 123.0 30.8 - - &
10/ 4/38 12 123.5 89.5 152.4 38.1 - - i
10/ 6,/38 14 137.0 77.8 169.2 42.3 - -

10/ 8,38 16 145.0 81.7 179.1 y 44.8 - 0
10/10/38 18 154.5 86.8 180.4 47.6 - -
10/12/38 20 166.0 93.1 204.1 51.0 25.0 -
10/14/38 22 181.8 101.4 222.4 55.6 85. -
10/16/38 24 192.5 107.0 234.7 58.7 117.0 -
10/20,/38 28 203.0 1l1iz.2 £246.0 61.5 242.0 0
10/24/38 32 221.0 120.0 263.0 65.8 441.0 -
10/31/38 39 232.0 125.0 £74.0 69.0 1049.0 -
11/ 7/38 486 £47.0 131.1 288.0 72.0 1445.0 -
11/14/38 53 228.5 - - - 1658.0 0

11/18/38 pH = 7.50 ¥ 0.05 as determined by gless electrode.



Table 11
Experiments 11-14
The Difference in Rstes of Hemolysis

Date Deys Diluted Russian Sodium Citrate Undiluted Russian Grey's Buffered

Citrate Compound and Adrenal Citrete Compound Solution

Cortex Extract

( ssmples Hemoglobin Hemoglobin Hemoglobin Hemoglobin
collected in Plasma in Plasms in Plasma in Plasms
9/22/38)

Grams Per Cent Greams Per Cent Grems Per Cent Grams Per Cent
10/12,38 20 0.001 0.005 0.078 0.52 0.115 0.786 0.025 0.17
10,/14/38 22 0.175 1.17 0.094 0.63 0.164 1.09 0.078 g.52
10/16/38 24 0.344 2.29 0.190 1.27 0.259 1.73 0.116 0.77
10/18/38 26 0.524 3.49 0.254 1.69 0.354 2.36 0.164 1.09
10/20/38 28 0.684 4.56 0.3786 2.51 0.477 3.18 0.238 1.59
10/22/38 30 0.812 5.41 0.502 3.35 0.651 4.34 0.342 2.28
10/24,38 32 1.150 7.67 0.716 4.77 0.981 6.54 0.436 2,91
10/26/38 34 1.319 8.79 0.8202 .35 1.133 7.55 0.598 3.99.
10/28/38 36 1.488 9.92 0.888 5.92 l1.285 8.57 0.760 5.07
10/30/38 38 1.897 11.31 1.223 8.15 1.493 9.95 1.061 7.07
11/7/38 46 £.236 14.91 1.874 11.80 2,105 14.03 1.463 9.75

11/14/38 52 - 3.135 20.90 2.151 14.34 3.526 23.50 1.673 11.15

O



Table 12
Percentage Loss of Potessium from Cells
Compearison cf Different Preservetives

Days 2.5 % 3 %
Solution Solution Russian Peyton Diluted Solution Undilut- Grey's
of Sodium of Sodium Citrate Rous Russian of Sodium ed Russian Buffered
Citrate Citrate Compound Compound Citrate Citrete Citrate Solution
Compound and Adren- Compound
al Cortex
Extract
7 18.7 18.8 23. 19.0 30.5 20.4 26,2 28.1
14 22.8 28.7 40.9 37.2 44,3 34.1 38.2 42.3
21 44.3 40.8 60.0 44,2 56.1 51.7 49.5 53.3

30 48.7 44.7 66.0 53.4 74.2 62.3 58.1 61.2

~d23T-



Table 11 shows nt = glence the difference in reates
cf hemnolysils in the four tvpes of preservetives. The
incresses of esch are ex;ressed In greams in the plasmae of
100 c¢c. of blood end then as percentsge of hemoszlobin lost
from the cells.

Table 12 expresses the percentage loss of potaessium
from cells.

The information geined shows that none of the preser-
vatives prevented increase in pleama potsssium, snd of the
preservatives analyvzed sodium oltrete functioned best. The
blocd kept under oll munifested the same changes. The resson
underlying the mechanlsm of potassium losg 1s obscure,

Arberson (B) has shown thet hemoglobin itasell is not
toxic to the vertebrzte bedy 1f 1t heas besn freed from
stromata; end, if the solution ia properly balznced, in-
fusions conteiniog twelve to fourteen per cent msy C8suUse DO
abnormel reaction. The guentities present in thﬁ’pl&ama of
the post hemolyzed bloods under our obsgervation heve not

approached this Clgure,

Suumary Par
1. The erythrocvtes of preserved blood lose potassium at
different retes dependling in part on the type of preservative.
This loss beglins before the diffusion of hemoglobin, Hence,
the degree of hemolysis can not be used as an index of

potzssium loss.



LS

A nigh degree of potmssium diffusion may bs present

the complete sbsence of hemolyslis.
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CHAPTYER IV
Part 111

The Toxielity of Potessium

Msny stories of poisoning following sccldental in-
gestion of potassium salts are retold in an interesting
blok by Orfila, published in 1818, dbut the first experi-
mental attempt to determine the mode of 1ts setion was re-

ported by Jemes Bleke in Edinburgh in 1840. He observed

thet intravenous injeotions in dogs were followed by cardisc

srrest enddesth, Six years loter Bouchardat and Stuart-

Cooper in a series of fifty experiments established the
lethsl doses tor flsh, frogs, fowl, dogs, and rabbits. Al-
though this work wes done in 1846, the conclusions are velid
today, namely thsat the toxie amctlon of potessium depends on
the mode of adminlstrestion, the rate of injection, the amount
of potsassium in the salt used, and the individual resistance of
the snimal.

Since that time many studies heve been made, KEffects
on cold blooded animsls were reported by Binet (1898) end
Botazzi (1€898). On warm blooded snimals there has been an
almost unbrokxen stream of investigaetion. Some 2 the more
interssting and importent observatlcns have been made by the

feollowing authors:
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1857 Claude liernard 1904 sraeun

1864 Gra:.deau 1908 boucherd

1885 Guttmann 1907 Gauutrelet

1865  Podcopaew 1909 Joseph ernd Meltzer
1870 Feleck 1911 Kuthison

1871 Bunge 1921 Kraser end Tisdall
1874 Aubert =na Lehn 132 Naranon

1878 B8nm 1936 Trugzkowaxl w=d Zwewer
1781 Feltz and (itter 1927 Zwer.er end bScudder
1862 Bochiefontaine 1928 Scudder =nd Zwerer
1885 Fichet 1938 Marenzi

1892 Doslel 1958 K«tz ard Lindner

1898 HYeck 1928 3cudder, Zwemer, and Whip.le
1899 Gottlled 1929 Gerschman

1900 Herringsham 1940 Scudder

¥For a more cumplete suruery of the older work the monosraph
0! Vebster and Brsnnan (1927) 13 recomrended. <ror the later
worx, the thesis ol werschman (417) is vesy complete.

koportea lethal dosges, within - ratrer wide renve, &re
felrly ocnsistet ror the vorious exieriumeutael aninsls wnen
the procecures heve becii cozpersable., A few ure Listed in
tebles 12 wnd 14.

This poleovning 18 Lot a phenouenon.pecvllar to the
snimal kingiow alone. Osternhout (2U5) has denonstrated that
alterctions in the concentrution ot potaspr Lln certsin plant
cells or their nutursl fluld hubitst proroundly effect many
of thelr normal reactions.

Concernlny the toxicolo; lc efrects cf psotessium thers
are many oontradlctory date, owing: in part to the cnolce of
the unimal. There is,however, felrly unilorm g;reerent
thut groll doses of potessium lnere.se, while lsrxe doses

weunken and paralyze, the rormal Ifuncticns of the nervous,
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Table 13
Lethel Doses of Potasgsium
(Gustev Bunge, 1871)

Animal Welght, Dose, Time of
Kge. G Sult Death Authority
1. Introcduced into SBtomach
Rabbits - 3 KC1 30 min. Guttmann
1.6-4 KC1 40-70 min. Bunge
Dogs 6 16-20 KC1 1 hr. Podkopaew
48 KiNOg 1 1/2 hrs. Orfila
2. Subcutenecus Injection
(XCog
Rebbits -——— 1-1.5 (KC1 15-20 min. Guttmenn
1.2 4 (KC1 Cme e
v , (KNOg 47 335 min. Felek
1.2 3 XC1l 1 1/2 hrs. Bunge
Cats -—— 8 KCl 1 1/4 hrs. Bunge
ds Intravenocus Injection
Rabbits - 0.23 KC1 Innpediate Grandesau
Dogs -—— 0.3 KNO Immediate Traube
1-1.% KCl Inmediate Grandesu
0.1 KC1 Imunediats Bunge
U.6-1 KCl - Podkopsew
4. Intra-arterizl Injection
Dogs - 1.5 KCl1 - Podxopaew



Lethel Intrevenous Doses of Potassium

Table 14

{Since Bunge)

Year Authority Animal Salt Milligreus of
Potessium per
XKilogram
1881 Feltz and Ritter Dog KCl 48,00
1883 Bochefontaine Dog KC1 100.00
1892 Dogiel Dug KNC s 20.00
1808 Bouchard end Oliver Dog KCl 39.90
1810 Joseph end Meltzer Dog KCl 38.30
1938 Marenzi Dog KC1l

20.00

-d421-
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glendular, sand musculer systems.

Moat authorlties sttribute desth to cardlac paralysis;
smong them are: Claude sernard (29), Treube (388), Grendeau
(149), &ubert and Dehn {(12), BOhm (48), Dogiel (103), Feltz
and Ritter (123%), Bochefontsine (44), Birnet (35), Halad (181},
Muthison (880), Howell (188), Cross (153), and Wiggera (4086).

Electrocardiograms texen in the course of condltlons
assoclated with hypsrpotassenia (357), or after ingeation
(358), injection,(73), perfusion (137}, or topical epplicstion
(408) of potussium selts show & veriety of changes. These
raﬁga from slowing of the Thythm, decresse iIn PR interval
snd low voltagse, to bundle branch block, ventricular fib-
rillation and cardiac arrest.

The resplratory end cardiec centers are other focal
points of potessium ection. Hooker (184) has demonstrated,
by infusing the medulle of doxgs, thet an incressing concen-
tration of potaszium over calcium in the apinel fluid is
followed by both respiratory and cardisc arrest.

Both Astolfoni (11) erd Hald (181) noted constriction
of veseulsr smooth musole. etz and Lindner (1938) made the
lmportact sdditional observation that potassium in spall doses
causzesd coronary dilatstion; increvasing smounts ceause Tirst
diletation and then constriction; snd complete ccclusion

followa larger doses. This severe vasoconstriction was re-



~129-

lleved by the exhibition of sodium selts.
The effect of potassiuw on blood pressure sccording to

MeGuigen and Higgins (£03) depends on the menner of injectlon

and anount of the salt injected.

Kleeberg (225) reported 8 fall with intrsvencus admin-
istration, Aubert and Debn oconcur with this opinion in generasl
but reported a rise with very scall intravenous doses {12).

Kethlson ststes that intra-arterisl medicstion usuelly
ceuses & rise in blood pressurs but both presscr and depressor
effects mre demonstrable (280).

Toxde orel doses sre promptly vomited. Both Orfile
(30%) end Bunge (66) tell of early investigators who ligeted
the esophagus &8 scon as the seait had been swallowed in order
to demonstrate thst sbsorption from the gestro-intestinal
truct mey be toxlc. Lethal doses, by wmouth, are reported
83 being seventy to one hundred times that of intravenous ones.

Animsl YExperiments

To teat again the toxle =metion ¢f potassium, the
rebbit and dog were selected for this study. The former
hes & nigh and the luotter e low potassiun content of the
blood.

In our first set of experiments five rebbits were used.
In three, the potassium chloride sclution was injected

repidly into the jJugular veln with immediste desth after a
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generslized convuiaion., In two, the scolution was injected
into the peritoneum; one lived a weex, the other recovered
and wes re-injected on the twelftn day intravenously. The
summery 18 tesbulsted in tabls 15,

In the second sroup of experiments, four dogs were used
in en sttempt to deteriine more sccurately what part the
speed of injection plava ln the producticn of toxle symptoms,
A typicel protocol is tebulated in table 18 and figure 7.

Interpretation of Proteeol

The actusal lethel duse wess wlven when 270 c¢c. of luld
had run in. 7The sdditlionsl BY cc. wasz accidental end mey
account for the sxcessive risge In the lest plasms potessiuam.
Tre greadual fell in plesas specific gravity end plmsma protein
may be considered 28 esn indicstion of blood dilution. The
changes in the cell volume &s recorded by hematoerit read-
ines sre more diffiocult to explein. The initial fell
repregsents dilution, the secondery rise a sudden transport
of fluld from the blood.

A summery of the dog experiments ls presented Inp
table 17,

Texiecity in Msn

The litersture 13 very mesgre as regards the toxle

gction of potassiusm on man., Scme early descriptions are

found in Orfils's "Treité des Poisvus® published in 1818,



Table 15
Rabbita CGiven Injecticns of Solution of Potassium Chloride

-v0g1-

Rabbit Welght, Concentration Amount Place and Potaggium Potsssium Results
Kilogram of Solution s&s Inlected Speed of Chloride as killi-
Grams per 100 Ce. as Cc. Injection 48 Grams grams per
Kilosrenm
1 2.01 0.381 530 Peritoneum 2.1 547 Died on seventh
Slowly day
2 2.00 0.381 500 Peritoneum 1.98 514 Revived end given
Slowly another injection
on twelfth day
3 Z£.50 0.381 40 Juguls 0.152 38 Counvulsion;
vein died a2t once
Repidly
4 2.36 0.381 40 Juguler 0.182 34 Convulsicn;
vein died at once
Kepidly
s} 2.00 G.381 50 Jugulsr 0.180 49 Convulsion;
vein digd in few
Rapidly minutes
2 2.00 1.18 48 Jugular C.487 128 Cenvulsion;

veln
Slowly

died in 15
win. 5 sec.



Table 10

Infusion into Dog of Isotonic (l.16 Gm. pur Hundred Cubic Cerntimeters)
Solution of Potessiuw Chloride
Time Klagsed Infusior Aematocrit Specilic Plsasrns Rhole Plaesua Source Comment
Time in Reading; Gravity Proteins Blood Potas- of
Uinutes Percentage of Gm. per Potas- siux as bBlood
ot Cells Plasma 100 Ce. siun Ng. per
as kg. 1l0u Cc.
per
100 Ce.
10:25 -- Before 49.0 1.0262 5.96 24.0 22.7 Leg Blood for
a.m. anes- vein base line
thesis slightly
hemolvzed;
wiven Z0.myr.ped
Kg. ol pento=-
hurbitel
sodium )
10: 38 0 LTter 44.6 1.0248 6.09 20.1 14.0 Ley .
a.m. anesthesic; veln O
infusion o
started
10:44 9 After 8.9 1.0240 5.81 *4.2 20,2 Jug- Rsate of
8.m0. 100 cc. ular infusion 20
veir drops & rcin-

ute after
first 50 cc.
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~etle 1¢ (continued)
Infusion irto Dog of Isotonic (1l.16 Gm. per Hundred Cutic

Soiutior cf Povassium Chlorids

(continued)

Centimeters)

Time Elapsed Infusion Hematocrit Specific Pleasuoa Whole  Plasma Source Comment
Time in Reading; Gravity Proteins bBlood Potas- of
Minutes Percentage of Gm, per Potas- siuw 28 bBlood
of Cells Pleai:u 100 Cc. sium Hg. per
as kg. 100 Ce.
per
100 Cc,
11:29 54 After 40.2 1.0237 5.72 36.8 40.1 Jug- Cyanotic, with
a.m. 200 cc. ular irregular
vein paired res- .
pirations, &
during a 2]
period when
fluid went in
too tast
11: 39 64 After 47.4 1.0231 5.52 49.2 82.1 Jug- Convulsion,
a.m. 275 cc. ular stopped breath-~
vein ing, sphincters
relaxed; heart
ribrilleting
11:41 66 After 32.6 1.0195 4.2¢8 67.0 172.0 Rirht  Heart stopped;
a.m. 300 cc.* side of blood c¢clear;
heart no hemolysis
At dezth: Potessium in cerebrospinel rluia i1rom besal cistern, 51.8 me. per hundred cubic centimeters
=4 in urine, 74.4 mg. per hundred cubiec centimsters
Autopsy: Heart dilated, ne pericardicl effusion, blaader full; no petechial hemorrhages

*

25 cc. eccidentally run in rapiddyw srter convulsion.



Taeble 17

Dogs Given Injections of Isotonic (1.16 Gm. per Hundred Cublc Centimeters)
Solution of Potassium Chloride

Dog Welght, Scolution Potas- Potes- Time, Plasma Plasma Comment
Kg. Injected sium siuz as Kin- Potus- Potas-
as Cc. Chloride Hg. per utes sium Be- sium at
Injected Kg. of fore In- Death,
es Gn. Body jection, Mg. per
Welght Mg. per 100 Cec.
100 Ce.

1 2.8 100 1.18 62.1 31,2 18.9 99.5 Pentobarbitel sodium senes-
thesie, 30 mg. per Kg.;
fluid run rapldly into vein
by infusion; died after
convulsion

2 10.3 120 1.392 73.0 18 172 22.8 51.5 No anesthesis; fluild ad-
ministered by svringe, 10 cc
at & time, slowly; died
after a convulsion \

H
3 8.8 100 1.16 81.0 3% 18.8 26.0 Pentobarbital sodium; &
some infusion; young dog; died '
leaksage suddenly ‘
into tissue 15.5 25.6 Bpinal fluid

4 12.0 275 3.19 139.0 64 28.7 172.G Pentobarbital sodium; fluild
run in slowly by infusion;
died after convulsion

51.0 Spinal fluid



FIGURE 7

BLOOD CHANGES IN DOG
DURING INTRAVENOUS KCL ADMINISTRATION
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Deta from table 16

Note gradual hemoconcentration with rise of plasma
potassium level. Total dose 1.4 grams. Totelly
hemolyzed human blood conteins 200 milligrams of
potassium; 700 cc. would contain & dose similar to
that which proved lethel in this dog in an hour.
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He reports the following:

A wen with pericdic lever %ook 1 1/2 ounces (45 oc.)
of poteéssium pitrete, thinkiaog 1t was epson salts, and died
in ten hours.

& woman eswged 40, sulfering from ne&fburﬁ. took & or 4
drechms (11 to 15 CGm) of potassium sulfide in 4 ocunces
(120 cc.} of water by mistske. Severe vomlting ensuded,
followed by unconscicusness, the presence of black blood in
the caplllary systex, especlelly of the lips and eyellids,
and psralysis of the left side of the body., The setion of
the hesrt was barely perceptible snd then falled. Autopsy
showed the mouth and ssophsgus to be clean; the gestrice
mucoss was not grsatly invelved, except thet here snd there
it was dry and red, with sulfur precipitsates,

Many other cases are glven, and in esch where denth was
repld the ploture was ocne of shoek, when delaved thst of
severe gastro-enteritia,

Hunge (1871) observed thet smell doses d¢ not effect
the pulse nor tempersture.

Kylin, in 19285, injected 0.1% to 0.8 ygrems of potessium
chloride intravenousaly and reported & Tall of nlood suger,

Arden, in 1934, recorded a case in which 15 grems of a
potassium salt were tmken by zouth. In forty sdnutes
gymptoms of musculsr weskness, paresthesie of hends and fest
and & metelllic taste in the mouth sppesred snd laated three
to four hours.

Kleetroeurdiographle tracings following the ingestion
of potessium selis eguivelent to 4.3 agrems of potassium have
been reperted {(358).

Recoveries following toxlec doses have been eflected by

artificlal respiration, cerdiec messsgs, oxvgen, injecticns
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cf saline (4), eund corticsl extract (358).

(1)

(4)

Sumnary Part 111
The psarentersli administration of potessiun is
asscolated with toxic msnifestutions of both zuscular
ana nervous tissue together with & depression of the
ceutral uervous aystem.
The salmost aspecific action of poteszlum 1s on the
heart and circulation, with disturbences varying
from diminished cardlise cutput to immuediaste disateolic
arrest,
The lethsl dose in snimels (sece tebles) wiich we
have reaffirmed 18 of the saue mesnltude 88 those
previcusly reported,
The rate of injectlion 18 of particular lmportance
for when given slowly seversl times the usual lethsl

dose iz tolersted.
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CiaPTER IV
Pert 1V

Te fete of Cellulsr lewsnts and
Prothroabin in Preservad Blood

In the preceding experiments a tenfold risge in
plasme potesslum was observed st the end of one month'a
Btorsse, Thisg was not duve to bacterlel contsminstlon.
It wes incressed by traumsa, such &3 shaking, &nd was
definitely modified by the aree of interfsce area between
the sedimented cells and the overlying plasms,

The guestion wes raised &3 to whether this increase
in plaame potassiug wes = pure diffusion process or whether
it wes due to sctual cell destruction. At the time this
investigation wes started 1t was not *nown thet similar ine
vestizstion hed been cerried on in Pussie and Spein (chapter
I11).

This sapect cof the probvlem is reported here,

Experiment 1
Method
Five cubic centlimeters of freely flowing venous blood
were collected in esch of 3% sterile, round-bottomed test
tubes containing 5.0 wg. of heparin a&s an entliccagulant,

Fach tube wea inverted thres times, plugged with cottoen,
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end kept in & refricerator at approximetely 4° C. tarouxh-
out trhe period of the experiment,
Lack dey one tube wu3 tere. fror tre refri.eretor
snd centrilfuxed Tfor cne nour. After 0.9 cc. ¢f pleana had
bern renoved for potassium anslvsls snad the blocd had been
thorou:shily mixed by lavert.ns the tube fifteer tlires, the
r'ollowin. deterrine«ticns ware u:de:
Red cell count
temoplotin (llelliss)
White cell ccunt
Differecrtiel white cell count

Plot.let count

Mean cell dianeter of rea blood cells (Helometer method)

Plesue potesalum

Results
the donor, A. J., wesd u protesslcenei of group C.
Veucus Blood

at stert of at end of
Phlevotomy Prlebotony

(290 cc.)
Hewmstoerit 46,0 44.7 per cent cells
Plasuwe specitio pravity 1.0£886 1.0268
Plasrs protelns 7.38 6,70 Gr. per cent
¥hole blood potessium £12,0 ngl. per cent
Plasiia potegslium £1.5 nee. per cent
Cell potussium (cualculated) 4%4.0 m:. per cent

pil 7.51



FIGURE 8

RATE OF POTASSIUM DIFFUSION IN HEPARINIZED BLOOD
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Iach point on the chart represents a determination
done on a different sample each day and represents
the actual amount of potassium in the plasma of
100 cc. of blood.
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Erythrocytes varied between 4.8 and 6.2, the mean
being 5.5 millions. Hemoglobin values varied between
14.2 and 17.6 grams per cent. The rise is due to
evaporation; the fall prrobably due to hemoglobin
removed in plasma for potassium determination. The
size of the red blood cells gradually fell from 7.6
to 5.8 microns.




FIGURE 10

CELLULAR CHANGES IN HEPARINIZED BLOOD
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The total white cell count fell 50 per cent in 24
hours. They lost shape and disappeared by the &ix-
teenth day. Range, 7000 to 675 cells. The neutro-
philes showed most rapid changes. Their nuclei soon
lost shape and disappeared. Range, 3600 to l4.
Lymphocytes and monoeytes disappeared more slowly.
Basophilic and eosinophilic granules were well pre-
served for thirty days. Thg were few in number.
Range, 3100 to 654.
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Thrombocytes fell rapidly to about 40,000 and for
thirty days remained approximsastely at this figure.




Velues on Initial 5.0 ce. Sample*

RKed blood cell count 5,800,000.0

Hemoxlobin l14.8 Gum, per cent

White blocd ocount 7,000.0

Differentiel white c¢ell count
Polymorphonueclear leukocvtes 52,0 per cent
Foginophilie leukooytes 2.0 per cent
Besophilie leukooytes 1.0 per cent
Lynphocytes 4£2.0 per cent
Honooytes 3.0 per esnt

Plutelets 140,000.0

¥ean cell diameter 7.4

Plasma potessium 20.86 mg. per cent

The results sre grephnicelly representsd in figures

8, 9, 10, and 11.
Experiment &2
¥ethod

The procedure was exactly similsr to thst cerried out
in experiment 1 exocept that 0.5 ce. of 3.5 per cent sodium
citrate wa3a added to esch 2.0 sample of bloed instead of
hepearin.

Esch day one tube wes taken from the refrigerstor and
the following detersinstions were mzade!

Red cell count

Hemoslobin

Wnite cell count

Differential white cell count

Platelst count

Fragility test

The plesma clotting time was done on two ssuples of

S A T T N O ok TR 05 U WD A D A T WO N W W o g . Wt W W A O S ot e i rn A W W O wor W Ao N e K o L W S -

*Correeted for 0.5 ce. plasma removed,
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50 cc. of blood by tre method of wulek (330, 332) who
postul~tes thet the rete of coapuletion is a function fo
the concentration of proturomoin end tnet the prcduction

nf trrombin in oxaieated ;lasma 13 proportionsl to the cone-
certration of prothromtin ir &n axcess of thronboplastin

{8 presert ané en optimel amount of calciux i3 added. The
pl.sria way recslcified with calciur chloride 8t e oonsts:t
tonpercture of 40° C. in the presesnce of human brein tissue
erulsion tu supply tre thromboplastin subatence, the end
point beling reoccrded hy the anift on e photcelectric cell
galvanometerf In deterninins the curve, a normal value of
twenty seconds, as detersined In this clinie by Doctor Xerneth
Olaen, wes used instead ol the lower values suspested by

«ulcke (This starderd wes chan-.ed later.)

Results

The donor, W. T. 5., was & vclunteer.

Comparative Velues of Blood in Heparin and
in Sodium Citrate

Heperin 0.35 per cent
Sodium Citrate

Hematoorit 45,5 42.3 ©per cent cells
Plusime specific gruvity 1.0249 1.0238
Plasi.e proteins 6.12 5.75 Gm. per cent
Wiole blood potas:ium 19&,0 183.0 mg. per cent
Plaare potessim 17.5 17.2 ay. per cent
Cell potassium 377.0 409.0 mng. per cent

oH 7.49
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Red cell counts, corrected for dilution, varied be-
tween 5.5 and 4.6, the mean being 5.1 millions. Here
there is an actual loss of 1,000,000 to 1,500,000 cells
at the end of thirty days. Hemoglobin values varied
between 15.6 and 16.3 grams per cent. The gradual rise
is attributed to evaporation. Platelets fell from
206,800 to 87,800 in forty-eight hours, then remesined
constant for about fifteen days. After that counts
were difficult.

T15-33
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FIGURE 13

CELLULAR CHANGES IN CITRATED BLOOD
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The total white cell count as observed in the chamber
fell 27 per cent in the first five days. Careful
differentiation cf cells in the chamber and observation
on a slide showed that 75 per cent of the total had no
nuclei or were so fragile that they broke and left only
a smudge by the twelfth day.



FIGURE 14

CELLULAR CHANGES IN CITRATED BLOOD
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The nucleated leucocytes, presumably the only ones
capable of function, decreased nearly 50 per cent

in the first three days. The polymorphoneuclesar
leucocytes diminished 50 per cent in 24 hours, eccount-
ing almost completely for the drop in total count. By
the sixth day it was difficult to be sure thst any re-
mained. Eosinophiles were well preserved. Lymphocytes
remained almogt constent. Monocytes were difficult to
differentiate.
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Values on Initisl Sample Corrected for
Dilution in Citrate

Red blood cell 5,100,000,0
Hemoglobin 15.6 Gm. per cent
Wnite cell count 7,700.0 .
Differential white cell count
Polymorphonucliear leukocytes 81,0 per cent
Lymphocytes ' £29.0 per ocent
Monocytes 7.0 per ocent
Bosinophilic leukocytes 2.5 per gent
Bagophilic leuvkocytes 0.8 per cent
Pletelets 206,800.0

The results of the counts and hemosloblin determinstions
are graphicelly representsd in figures 12, 13, snd 14.

(1) Fragility of Erytnroecytes

The end polnts were poor throughout these studies. 4n
actual curve of Tragllity could nobt be oconstructed on & dally
basis., As late £#8 the fifteenth dsy cells could be suspended
in O0.45 per cent sodium chloride without complete hemolysis.
Ever on the thirtieth day cells carefMulily handled 4id not
lexe completely in 0.%52 per cent sodium enloride.

Spontaneocus hemolysis was first coted cn the seventeenth
dey. 3lignt gheklng in physiologicsl saline alter the teuth
day csused hemolysis.

This is certein. The celis on the tenth day sre siightly
less resistent than those on the first, and those stored for
thirty daeys are definitely more freglle then those stored

for ten devs.
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{2) Prothrombin

In the [ira3t series, plesis clottineg times were rur for
a period of f{irty-two consecutive hours at hourly (toward
tne end, two hourly) intervals. This wes done with the =id
of' Doctor Kenneth Olsen snd kiss Hildegard Menzel. There
wes & rpld rise in ¢lotting times in the flirst fifteen hours
80 that at the end of this pericd toe urothronbin content hed
been reduced to lneffectusl levels. The curve was guite
aimilar to thet leter pudlished by Rhoads &nd Panzer (334)
and seewed to indicate that bloocds steored Tor periods longer
then a day would be ineffectusl in treseting hemorrhegze which
resulted from g deficlency of prothrombin,

An elght deav old blood, however, wes given s jaundicéd
patient with a hemorrhasglc tendency, und bleeding stopped.
This was reported to Loctor Olsen who nade up B new extrsct
of rubblt brain aend repested these tests on blood supilied
to him from the blocd bsnk. To hls surprise, this time there
wes no sudden 1loss of prothrombin concentratiocn. fTha Tiaures
for this experiment are not svaileble at this time, Ductor
Olsen being on lesve of absence becsuse of illness.

Through the ocourtesy of loctor Grant Ssnger, we have
been sble to obtaln the following observstions on separate

bloods, esoh time belng very careful to use fresh brain

extract,

M scussion
Red Blood Cells

The meintenence of total arythrgcyte counts at an
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Table 18

Prothrombin Concentrations in the Ploape
of Stored Blood

Date Date Lge Prothrombin Concentration
Blood 3tored Test Made in Devs in Per Cent
lo/27/%9 2/81740 117 47
10,27/3%9 2721740 117 38
11/20/39 2/517/40 %4 41
12/15/ %9 2721740 69 49
1/31/40 2/81/40 21 52
2/88/740 3/12/740 12 100
&/ 1/40 3712740 11 100
2/16/40 2/28,40 10 a8
£/23;40 3/, 1740 8 84
2/23; 40 3/ 1,40 8 84
2786740 3/ 5/40 B 80
S/ 4740 3;,18/40 8 100
3/ 4740 3;,12/40 8 80
G; 4740 3/12/40 8 100
2;19/40 2/86/40 7 100
2/19/40 2/86/40 7 76
2/2%/40 £/29/40 8 160
£/,23/40 £/29/40 & 100
£/16/40 £721,40 5 74



~1%9-

spproximately constent level in the heparinized blocd and
~ the moderate destructlion of ervihrocytes in cltrated blaod'
after the fifteenth day of astorage sugpests thst cell dese-
- truetion per s8¢ pleys, =t most, only & smell g&rt in the
aﬁaady increcse of the potsssium content of the pleswa and
inauresvthe reciplent of recelving a large perceutege of
functioning cells eafter pericds of storage of st least a

mornth,

Hemogzlobin
The hemoglobln content remeins constant, though st the

end of thirty days 20 per cent of it may bhe in the plasma.

Volume Index and Diameter of Red Blood Cells
The volume Iindex decresses with age. The greater psrt
of the decresse i volume seems due to the diminution in
size of the red blood cells. At the end of thirty deya,
these cells may lose &3 much &8 85 per cent of thelr chlef
base, 20 per cent of their hemoglobin, end es a result decrease

about 20 per cent in disanmster.

¥hite Blood Cells
The polymorphonuclear leukoecytes may show swelling,
hezy cytoplaesrm, and poorly stalning nuclesr granules as

esrly a3 twenty-four hours efter storsge. Disintegretion
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is extremely régid end may play some part in the steep rise
of the potessium curve in the Iirat week; likewise it may
plaey & pert in decreasing bhactericidsl properties,

The lymphoceytes are more resistent. At the end of
thirty days they are easy 1o recognize when seen,

The eos8inophlles sre most resistant, the eosinophilie
granules remainineg perticulerly bright even when the nuclesar

material hes feded or broken up.

Plusteslets

Pletelets disintegrete more rapldly in heparinized
blood than in eitrzted dlood. In both they reach their
low point in about three to five deys. Those remeining
stay falrly fixed untll clumping makes counting difficult

gbout the fifteenth day.

Prothrombin

The results using the guick method of determining the
prothromblin concentretion ylelds fgggfég’similar to those
reported by Lord =nd Pestore (268) using the Brinkhous,
Smith, and Warner method.

The results sugsest thet the use of brein extraoct
#hich has been kept too long maey eccount for the ﬁiacrepgney

between reported findings, To Doctor Olsen should go the

crkdit for maiking this very essentlsl observation,



(1)

{5)

(7)

-~141~

Bummary

In heparinized preserved blood, there is little cor

no actual loss in the number of red blood cells over

a pericd of thirty days; in citrated blood, there ia
agome loss beginning about the fifteenth day and amounte
ing to 1,000,000 to 1,500,000 cells by the end of the
month,

The hemoglobln content remsins constent in the totsl
sample though 156 to 25 per cent mey dlffuse out of the
cells into the plssms in one month,.

The weun cell diameter of Ted blood cells in heparinized
blood i3 reduced spproximstely 20 per cent in thirty dayvs.
T™e polyrmorphopnuclesr leukoeytes ere diminished by 80
yer cent in forty-elght hours and ere sporphous zasses
in fifteer deys.

The lymphoeytes and ecsinophiles dc not dlsintegrate so
rapidly; the latter sre psrticulsrly well preserved. The
monoeytes are difficult to trace.

The pletelets fall rapldly in both heparinized and
citrated blood, more so in the former than the latter,
and rewmein st levels between 10,000 asnd 80,000 for about
fifteen days,

The fregility of red cells slowly increasses with in-

creasing age; exect curves are 4difficult to ssteblish.



(8)

-148-

The prctﬁrémbin lavel 18 malntained above BO per
cent of normal concentration for a periocd of at
least four montha. Thy use of old bralu extract
will ocanuse clotting tluoes which are too rspid,
thereby giving a false pleturs ol the true degree

of sfioaoy ol preserved plood in the theraspy of
hemorrhagle dlseeses essoclsted with low prothronmbin

goncentrations,
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CHaPIER IV

rart V

Increasing iffect of Trauma with

Advancing age of Blood

In an earlier experiment (Part I} it was clearly shown
that traums to the blood in the form of shaking caused rapld
laking of the blood and loss of increased amounts of potassium
from the cells,

During the %inter of 1938-1939, studies were carried on
at the Lt. Sinal Hospital Blood Bank through the courtesy of
Doctor Lathan ilosenthal. It wes noticed that at the end of
the trip from kt. Sinai to Fresbyterian llospital, a distance
of abhout s8ix miles, freshly drawn blood remained clear while
older bloods transported at the ssme tize became hemolyzed.

This raised s (uestion, the answer to which would seen to
be of practicel importance. Is it preferable, for instance,
in the cass of war to drsw blood from civilian populstions
back from the actual fighting districets and Lold it in central
depots at the point of withdrawal, or should {t be shipped at
once to the site of preposed use and then stored? An attempt

to g¢t this answer wss wade in the following manner.
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rocedure

Ten co. samples of blood were obtained from ninety-six

healthﬂa&ult denors snd trensported at once from it. Sinail to
rreab§tarian Hospital.

| at varying intervels the tubes were tuken from the
refrigerator, . sanmple of plausms was remowved for potassium
determination before the blood wee disturbed, snd then a
second portion was teken after ewsch tube had been inverted
twenty times.

ihe results are recorued graphically in figure (13).

interpretation

The curve regresenting the diffusion of potassium in
the unshaken blood is of the saup order us previously ob-
served. agltetlon caused en increase in plasma potussium
in each aééé. ~suring the first three dauys the increment
wus 8mall; wuring the next three weeks it becsuwe grsdually
larger, and toward the end of ihe ocurve when potassiug values
approached equilidbriun inside and outside the cells, the
increment aguin decreased.

This would suggest that it would be zoTe prefersble to
transport blood scon alter withdrawal thaen to walt & week or
more when less movement would conuse more destruction of cells.

7o check these findings & more conirolled experiment was
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Days

In fresh blocd sheking csuses only slight incresase,
in older bloods & more merked incresse, in still
older bloods such a large percentage of potassium
has already left the cells that the increasse is
less merked.
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set WP
Method

The blood of two voluntary donors, U. He Do and J. S,
wag arawn st weekly intervals and placed in 50 e¢c. colori-
meter tubes containing § co. of 3.5 per cent sodium el trate.

~% the end of two weeks following the drawing of the
lost two sazmples, the previcusly drawn scmples were removed
from the refrigerator wiere they hat been kept al a tempers-
ture of 5% and 6° C, since the time of the phlebotouy.

- Small semple of the plasma was taken frow eachk of the
8ix tubes for potassium determinstion., Then wll of the tubes
were rotated end over end on & specislly devised plece of
apparatus for twenty minutes, centrifuged, and from esch
samples were tuken for potassium determinutions after the

rotating.
desults

since only compuarisons between the lsvels before ro-
tuting andé after roteting were sought, no asttempt has been
made Lo correct the rigures for dilution caused by the anti-
| eomgulant, or in the Ifigures obtained after rotating for the
plasns reaoved o tesv the resting semples, ofter roteiing

values are, Wherefoiv, suout wwenly per cent too high but
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since they asre codpared only to each other, the percentage
change will indicete true differences.

Hesults are tebulated in tabhle 1§.
Liscussion

This experimenit was unsatisflectory in several respects.
“he results, howover, arve obvious., In one blood there was
an incfease of 8,5 per cent in the plasma potassium after
:otating on the duy it was taken compared with a ¥9.5 per cent
increase at the enc of two weeks. In the other blooa the
aifference wus greater 1L.2 per cent when fresh to 13Z per cent

two weeks later.
conclusion

ihe diffusion of potassium from red blood cells to
the plasma following fraume incresses repldly with increasing
age of the blood. This suggests that any transporting of
blood should be done as soon as possi ble after its with-
drawsl from the donor to0 & place neasr the intended reciplient.
Thig suggests thet blood should be drawn and immedistely

transported to a plsee near the intended recipient.



Table 19
Increesing Effect of Traunme
with Incrsuaing Age of Blood

Time in C. R. D. J. S, _
Weeks Plesus Potessium Cheange Flesms Potesgium Chsnge
as Milligrens in 68 Milligrams in
Per Cent Per Cent Per Cent Per Cent
Refore After Belore After
0 14.1 15.3 8.5 20.8 21,2 1.2
1 45.8 ‘94,0 ' 81eB 52.1 21.0 122.1
60.1 118.0 “99.5 80.% 140.0 132.2

ny

“vVov1-
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CenPliEn IV

rart VI

Changes in Ireserved Blood as & Function

of the Composition and Shape of the Container

‘hen Herfz {189%) attempted to use the recently intro-

duced nedin-Blix (16%, hemstcerit tube for estimeting cell

voluxe, he found his results muech more uniform when the
plpette had cod liver oil blown through 1t before use.
Koeppe (22¢) wused cedayr oil and Freund (133) vaseline.

Bordet ana Gengou (1901} used paraffin to prevent coesgulation

during some of their now clussicsl expsriments in immunity

and in 1911l curtis and Luvig spplied this principle to the

practice ol iransfusion, & method which reached its peak in

the Kiumpton-Brown paraffin tube method. “Athrombit” is the

latest result of this effort to provent coagulstion (24).
It hes been pointed cut thet enough alkalie may be dissolved
from ordinary glass {1l%) to cause toxic reactions in a
patient and in the preceding experiments it haes been shown
that the shape of the flask undoubtedly nlays a part in the
rate of eleotrolyte dalstribution between the cells and plasma.
It was felt, therefore, that it would be cf interast to
determine by chemleal studies, if possible, the effect of

the meterial of which the container is made on the rate of
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cell changes.
rrocedure

4 professional donor, International grour O, was used
to obtein a totel of 380 ec. of blood, a part of which was
used for this experiment. Fhelbotomy was carried cut with
& number 10 Lewiﬁaﬁ needle , the systolic pressure being kept
at & lsvel of 100 mm. by the use of & sphymomanometer.

To establish a base line of velues, & sample of blood
was dramn into heparinized tubes at the beginning of the
phlebotonmy and ancother &t>the end.

The findings were ns followk:

Hemutoerit Flasms Flasms Fotessium Hg. %
] Sp.Cr. Frroteins
Cm, %
Plasma whole  Cell
Blood
Initial 46.C 1.0286 7 . 36 Z1.5 2l2.0 438.,0
Finfal 44.7 1.0266 6.70 2l.7 192.0 403.0
AVerage 45.3 1.0276 7.04 £1.8 202.0 419.0

1o 350 cc. of blood was wdded 50 ce. of & 2.5 per cent
solution of sodium oltrate and the citrated blood distributed
a3 follows:

(L) 28b.0 cc. in esch of four 60 cc. pyrex Erlenmeyer
flasks.
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{2) 25 c¢c. in sach of four 50 cc. guartz flasks,

{3) 80 cc., in a &0 cc. pluin gluss colorineter
test tube.

(4) 50 cec. 1n a 85C ce. plein gless colorimeter tube
whose inaer surface hud been eompleﬁaly cov&re&
by & thin layer of paraffin (melting point 56%-
58° ¢)

{5) 50 cc. in & lUu . pyrex Drlenumeyer {lssk.

(&) BC cc. in a L0C co, guurtz flesk.

Plasns potassium determinetions were done as in previous
experiments, each 25 cec. flask serving 58 & seperate ssmple
at weekly intervals sand ssmples from the longer flusks heing
taken «t the end of the seccond, thirdéd and fourth weeks,

The results ere presented in table 20,

Discussion

The most obvious result is thot the rate of breskdown
in the leng colorimeter tubes (3) and {(4), elther plain or
paraffined, is roughly hall ss fust gs thet in the Erlenumeyer
flasks of either pyrex or guartz, In the similar shaped flasks
the cuantity of blood 4id not play a large pasrt, (1) and (5).
It woulu scem thet the adding of paraffin to the test tube
aid not diminish the rate of disintegration but rother in-
creased it. when the rates in (1) and (£) are cowpared with
those in {B) and (), it becoics apparent that some factor

other than the difference between quartz and pyrex must be



Table 20

Potagsiug Diffusion in Elood S

tored

in Contsiners of Different Materials

and of Different Shapes

Contasiner

Plesmsa

Potassium st Weekly Intervels

as Milligrapms Per Cent

(1)
(2)
(3)
(4)
(&

(&)

25 cc. Pyrex flask

25 oo, guartz flask

50 ce. Glass tube

50 ce. Pareffined tube
100 ce. Pyrex flask
100 ece. Quartz flask

0 1 2 3 4
21.6 8l.6 115.6 137.0 192.0
21.8  79.8  ©6.7 119.0 145.0
21.6 - 53.5 65.7  B4.5
21,6 - 52.8  69.3  94.5
£1.6  --  111.2 142.0 195.0
21.6 -~  112.7 149.0 183.0

~Vev1-
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playing & part for the rate of change in the guartz flask
in (&) is 25 per ceni lower than the pyrex Tluask (1), while
in (6} the rate is only 7 per cent less than in {(b).

frowing frowe previous cobservations thot the ares of
int§rface might play « large roie 1In these differences, these
values were reduced to the comaon denominetor of milligrams
of potsssium in the plasma of 100 ce. of blood at the end of
30 deys and correlated with the interfuce dlasmeters, areas,
and square roots of the sreas of the bloods in the various
conteiners. These results are prescnted in teble £1l.

These values ncw show 8 direct relstionship between
the diameter of the conteiner at the interface between the
cells and plasma and the rate =zt which the cells lose
potassium,.

In this short series of observations, the values ex-
pressed as8 a funet ion of the area are a 1little too small;
as a function of the square root of the area, a little too
lerge; the closest parallelism is between the diameters and
the polLassium levels., 48 an example in (5) and (6), the
values actually are: 107.2 : 100.6 :: 6.6 : 6.1. If the
relationship were a perfect one, it would be as follows:
107:2 : 98,9 :: 6.6 : 6.1. These values are well within the
realm of experimentsl error in this particulsr series. To

establish this relationship s 2 constant would necessitate,



Table 21

Potussiwm Diffusion Expressed a3 & Function of

(i) The Dismeter, (2) The Area,
end (3) The Square Koot of the Interfece
Between the Cells end Plesms in Different Typez of Containers

Container Plasmse Potasszium Interface Detween Cells and Plasce
Per 100 Ce.
of Blood Dismeter Ares Square Root
o, of Ares
(1) 25 cc. Pyrex flask 105.8 4,7 17.8 4.18
(2) 25 ce. Guartz flesk 79.7 3.1 7.5 2.75
(3} 50 ec. Gless tube 46.5 2.8 2.8 1.85
{4) 0 cc. Paraffined tube 82,0 2.8 3.8 1.95
(8) 100 cc. Quartz flssk 100.6 8.1 29.1 5.40

-VOGT-



of course, a sufficient number of estimations to treat the
results s;iisractofilﬁ.

In this ioperfectly set up experiment, it is impossible
to determine what changes, if sany, are ¢irectly the result
of the nature of the surface with which the cells come in
contzet. There is supgestive evidence thet the lining of
1 glass tube with paraffin increases the rate of aiffusion

of potussium,
Jummery

1. Uifferences in the rate of cell disintegration as
reasured by the rate of potassium diffusion could
not be established as u funetion ¢f the muterial
in the walls of the conteiner. Jhere is some
evidence to suggest that & paraffin cost increases

rather than decreases the rate of cell breakdown.

2., The evidence suggests that with constant mass, the
rate of ¢ fusion varles uirectly with the dismeters
of the contalner at the inﬁerface between the cells

end plasma.



CHaPTYEx IV
Part VII

vhanges in Placental Blood

Following the announcewent by Goodall, .nderson,
Altimas and scPhail (1838 of the use of placental blood
for both immediste use in obstetrics and es a source of
supply for the other depurtments of their hospital, it
was felt thut the rate of disintegration as measured by
potassium loss from the cells would be interesting to

compare with those cbtuined from studies of adult blood,
ket hod

‘he first step consisted in collecting B cc. szmples
in heparinized hematocerit tubes for buse line determinstions
as Lzad been done in previocus experiments, Typleal results
are shown in table ZZ,

This runge of values has been confirmed by many sub-
se quent stuales. . longer serles would not appreciably
cliange the mesn values,

+hen compared «ith mean values established for adult
healthy donors, these facts establish thenmselves: (1) The
cell voluue gsg masured by the hemstoerit is approximately
£6 per cent higher than for an sdult male, 54 per cent higher

than for sn sdult femsle ana 80 to 60 per cent higher then



Table 22
Hormel Values Tor Placental HBlood

Number Cell Voluwe Plasna Proteins Milligrams Per Cent _
in Speeifie Greus Per Plasme ¥hole Blood Cell
Per Cent Grevity Cent Potassiug Potessium Potassium

1 53.9 1.0280 5,18 22.4 234 412
e 63.0 1.02861 5.58 21.4 279 420
3 6.1 1.0280 7.7 £7.2 279 408
4 52.0 1.0250 8.15 28.4 225 407
5 50.1 1.0250 8.15 2l.4 242 461

~¥3s1-

Average 57.0 1.0258 6.43 237 252 423
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that of the averasge mother {(145) at tersm,
ihe specilic gravity of the plusmse and plasma proteins
are approximately L0 per cent lower than the aduly; the
pla-ma -otassium, 40 per cent Ligher; whole blood potassium,
20 per cent higher, and cell polassium & per cent higher,
subsecquently larger guantities of blood were colle cted
in different preservatives und tested at various fairly regulaer
intervale. 5ix blooés were studied for periods of seventy days
each: The results were so variasble {ranging in plasme potassium
content from 45 to 214 milligrams per cent zt the end of forty
days) that they could not be interpreted. “here the sontreal
Clinic sppavently had no trouble getting 78 to 300 cc. of blood,
the residents of Sloan Hospital {through the courtesy and
interest of Dr. Virgil ¢. Damon) had great difficulty in
getting such guantities and in most instances when a sufficient
cuantity had been oblaincd ror studies, the ratic of blood to
anticoagulant wuas not known asccurately enocugh to be sure of
any results. This phase of the study needs t¢ be conpletely
reconsi dered. In only one study, vut of & serles done for a
pericc extend ing over 2 year were the resulis trustworthy.

it 13 reported nere.
Mdethod

Two cylinder: esch capable of holding 42.8 c¢e. of fluld

were used to collect tlood from the umbilicsl cord of a full
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term healthy primiparous mother. One contained Zl.4 cc. of
the Loscow I. H. T. solution which 1s mude up of 0.7 per cent
godium chloride, 0.5 per cent sodium citrate, 0,02 per cent
potassium chloride, and 0.0004 per cent mugnesium sulfate.

The other contained 4.2 cc. of a 3.5 per cent sodium citrate

solution.
Hesults
Basic Velues (Heparinized Blood}
Hemutocrit 58.5 per cent cells
41.4 per cent plsasma

Flasma specific gravity 1.0264
Flssma proteins 6.63 grams per cents
Flesms potassium 25.7 mg. per cent
Volume of cells in I.H.T. 12.54 cec.
Volume of fluid (plesma

plus I, H. T.} 30.26 ce.
Volume of cells in citrate 22.6 cc.
Volume of fluld (plesma

pius citreate) 2C.2 cc.

Factor for correcting for d¢ilution in I. E. ©¥. solution, 1.38.
Faetor for correcting for dilution in citrate solution, OC.42.

The results are shown 1in table 23,

wiscussion

nere, a8 in the adult blood, the 0.31 per cent sodium
citrute solution wss superior to the more complicated I. L. T.
solution., The rate of cell disintegration a2s measured by the

rate of potussium diffusion we:s approximately 39 per cent slower



Table 23

Comperison of Hstes of Cell Lisintegratlon in Placentzl Blood
Btored in I. H. T. Soluticon and in Scdium Clirate Solution

Dete Day _ ¥illigrems of Potessium
1. H. T. Sodium Citrate

Observed Value In Plasus Observed Velue In Plasms

per 100 Ce. of 100 Ce. per 100 Ce. of 100 Ce.
Plaams __Blocd Plusma Blood
B/17739 0 23.7 2.8 23.7 3.8
8/19/38 2 24.2 33.4 55.0 32.5
B, 28,39 9 49.9 65,9 135.0 ' 55.9
9/ 8,39 18 64.2 88,6 126.0 57.1
9/ 9739 23 77.9 107.% 184.0 77.2

A 4% R
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in the former then in the laiter.

{ue early values in plecental blood are higher than
thoss in citrated donor blocd of the sune strergth, un-
doubtedly due to the greater hoandling st collection in the
former. The rates in this particular experiment were slower
after the first few duys., Thie mey heve been cdue to the fact
that the placentul blood wus stored 1n an elongated cylinder
while the adult blood wus stored in Prlenmeyer flasks, VWhen
the walues sre correctied for this difference in interface

area, the walues are strikingly similer (5ee Fart Ij.

wonclusions

(1} 'the cell volume of placental blood is approximstely
50, higher than that of the mother and £54 higher
than that of a normal adult.

(2) There is a siriking degree of similarity bvetween
the rates at which potassium leaves plecental blood
and adult blood when esch is preserved in & C.dl per

cent sodium citrate solution,

,.
Le
—r

Using potassium diffusl on rates us an index of cell
dlisintegration, a 0.31 per cent sodium citrate 50~
lution is superior to the more complex .oscow I. i. T.

solution as & preservative for placental blood.
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CHAITLA IV
Fart VIII

Plasos Fotassium of Uardiace Rlood st Death

in & preceding series of cbservations (Chapter I1I)
the average plesmes potassium level in doés at death

was found to be 15.2 M. eq./L. H#inkler, inoff and Smith

(193%) reported similer levels, 14-16 i, eq./L and suggested

that if the criticzl concentration for = msen is comparable

to that for the dog there is & wide margin of safety for |

the humen being "since serum potessiuw would have to be

incressed by some 8 mid, per iLiter to reach a fatsl level."
That there may be some difference in the scusitivity

of the cells of diffarent animal species 1s suggssted by

the observations of scudder, Jwemer, lruszkowskl end ihipple

(387, 3588}, from this laboratory. They found the con-
centration of potassium in csrdiac blood of csts at death
varisd between $.5 - 11l.4 k. eq./L (357).

slthiough there is cnly sugsestive evidence that the
mechuniam c¢f cardiac arrest is similer in the cats who died
ol shock produced by wvaricus methods, in the dogs who were
poisoned with potsassium chloride and in patients dying of
4 variety of diseases, 11 seemed essential 10 know what

levels the potussium concentration in the cordiac blood of



Table 234
Plusme Potassium of Cerdisc Blood &t Desth

Animal Number of Cause of Desath Renge Aversge Aversge
Animals ‘
Mg.per Mg.per M.eq./L
Cent Cent

*Cats 4 Intestinal obstruction 33.6-66.6 44.5 - 1l.4
Cats 2 Intestinel fistulse 40,6-45.5 43.1 11.0
14 Total 42.8° 10.9

Dogs 4 Intravenous lactonic KC1l 26.0-99.5 58.5 15.2

o . - . A, o e e A WU Y W A o P - Y A N W N T A o W T e e A A S i SR A e S AU A e M T WS e N O A W . O 4 A S S G NS A W e e s S o

* These experiments were not done in the present series but heve been added from
to meke compsrisons more complete.
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humaens reached at deatih.,.

To estublish normal values the plasma potessium was
determincd on the venous blood of sixty healthy individuals
who presented themselves as donors at the st. uinsl Hog ital
Blood Bank. ~“his wss made possible through the courtesy
of br. Hathan Hosenthal,.

“he values sare presented in the following table:
Table 24

Plasmns Foteassium of Hormal Venous Blood*

ig. per e €Qe/Le
Cant
~verage {(mean) 17.2 4.4
wedian | 17.2 4.4
dunge 15.5-21,5 Sed = 5.5
~tanaard beviation Codd .08
Coefficient of Variastiocn 1.9%

* This group comprised $0 mmles and 10 females. FEach vaslue

‘represents the uean of two aliquots of the original

saumple, 0.5 co, of plasms being used,

Yrocedure

«~t the time of desaith, heart's blood of thirteen
patients was withdrswn by cardiac puncture with & sterile

needle snc syringe. From 5 - 6 ce. of this sample were
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introcduced into a sSsnford-idagath hematoerit tube contsining

heparin; gently mixed, cupped, and centrifuged ot 2,500
r. p. m. for an hour. The plasms was rewmoved immediutely
from the cells ané the potaszium content determined,

The results are tabulated in tzble #5.
Comment

courdiac arrest appears 1o be argociated with aif erent
concentrations of potassium, not only rar,different species
but zlso for cifferent individuals within the species.

ihe narrow réng@ of potussium between that found in
normael circulating venoué blood and in cardiac vlood ple sma
at death indicates that humen cardiac wmuscle and ivs
associatea nervous sechenism is probably more susceptible to
variations in concentration than those cf dogs and cuts,
The lethul levels, therefore, may not be comparable and
the murgin of sufety not as great ws anlmul experiments

mirtl ind icate,
sSummary

i, In cats dying frow varied types of induced shook,
the average conecentration of plasmsa potassium in
the heart's blecod taken st the time of cardiuc

\
arrest was 4£.8 mg. per cent {10.9 il.eq./L).
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Plasma Potassium of Cerdiac Blood a2t Death

Date In- Age, Hospital Diesgnosis Operation Plesna
itisls Sex  Number Potagsium
Mz. per H.eq./L
Cent
8/29/37 W.N. 62 527186 Multiple fractures and Dévridement 28.5 7.3
M contusions; laceration of
sorta
9/23/37 V.M. 9 530304 Multiple fractures. Hewmo- None 29.5 7.8
M peritoneum
10/14,37 H.L. 28 530208 Idiopathic gastro-intestinal Exploratory 24.0 6.1 |\
F hemorrhage %
>
11/23,37 F.F. 58 526668 Perforated duodensl ulcer None 31.9 8.2
M
2/24/38 D.P. 25 542008 Paraganglioma of sdrenal Partiel re- S34.1 8.7
F cortical tissue section. Op-
erative death
6/ 5/38 M.L 45 374569 Chronic cholecystitis, Cholecystectomy, 28.8 7.3
F cholelithiasis, subphrenic incision snd
and subhepatic abscesses drainege ab-
scesses
9/12/38 J.Mc. 70 556217 Carcinoms of colon with Exploratory 26.3 6.7
: M metastases to liver
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Latie Lo

Plaguma Potzssium of Cardiasc Blood at Death
( continued)

Date In- Age, Hospitsl Diagnosis Operetion Plssme
itisls Sex  Number Potassium
Mg. per M.eq./L
Cent
9/27/38 M.K. 26 5506862 Intestinal obstruction Ileostomy 28.9 7.4
F complicating pregnancy
11/ 4/38 L.W. 3l 549037 Mesenteric thrombosis Enterectémy 38.0 9.7
Ei
11, 7/38 F.Mc. 82 564918 hcute pencrestitis None 31.6 8.1
¥
12/ 13/38 L.V. 7% . 560087 Diabetic gangrene Amputation 32.6 8.3
¥
2/17/39 L.H. 58 566522 Carcinoma of breast Mastectomy 26.1 6.7
F
2/24/39 AM. 55 572368 Pneumonisa, type II1 27.9 7.1
M ;
ttttttttt ‘l.'ﬁ.."l....“.Q‘.....‘.‘O‘.O0....0."....-.‘2’9.8 7'6

Average LI R A S B B R I A I

Standard deviastion from the mean 3.8 mg.

Coefficient of varistion 14.5 per cent.

-d8cT1-
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in dogs, following intravencus injeetions of

isotonic potassium chicride in lethal doses, the
concentration smounted to 5%.5 mg. per cent (15.2 M.eq./L.)
In men the average at death was 29.8 mg. per cent

(7.6 M.eq./L) compared to an average of 17.2 mgs per cent
(4.4 m. eqg./L) in the venocus bloods of sixty health

human sdultis.
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whind T 1V

rart IX

serun rotessiusg of Cadaver Blood

Cadavers were the first suvurce of blood utiliized
oh a large scale for storage and later use (Chupter 1).
Cut of this practice grew the present wide spread use
of living donors, as & source of supply for storage
depots.

In preceding cxperiments {t has been shown that
living donora' cells gradually disintegrate as they
are stored anc any form ol traums will bpasten this pro-
cess of deteriorstion.

It seems logiesl, thereflore, to suppose that cells
already subjected to the injurious forces snd chang@s
incident to the desth of o patient would heve sufiered
some haram ouring the process, and would probably show
wore rapld changes when preserved after withdrawal.

“0 test this presumption cardisc bloods were obe
tainec from twenty-seven cuauavers st autopsy and the
plasna potsuslum content daetermined 2s in previous experi-
ments to get a baseline for future studies on stored cadaver

blood.

The results are tsbulsated in teble 26.



Table 20

Serum Potassium of Cadever Cerdisc Hlood Obtained st Autopsy

Numher Initiels, Autopsy Findings Hours Postnortem Serum Potassium

Hosplitel Blood Serum Kg.per M.eq./L
Number OQvtalned Separated Cent

1 d.H. Rheumstic endocarditls 13 48 54,7 13.1
534998

2 T.GC. Carcinoma of stomach 5 1/2 12 59,28 15.4
5216879

3 d.G, ‘Tuberculous leptomeningitis D Z4 80.9 15.5
37830 .

4 C.V. Glioblastome of brain 1z - 64.5 1.5
376882

5 M.H. Hyperthyroidism & - 70.0 17.9
547187

6 K.L. Congenital hesrt disesase 9 - 70.4 18.0
538189 ’

7 H.LaC. Fracture of skull 2 15 72.0 18.4
11647

8 C.0'K. Cerebral abscesses 8 8 73.5 18,7
37738

9 A.R. Uremis ) & 14 78.8 19.8

487166

-Y09T-



10

11

12

18

17

18

19

20

EIF.

- 289643

I.B.
548449

G.H.
545832

R'R.
433852

B.T.
558683

W.H.
5874356

H.R.
451845

S.F.
250743

W.H.

284144

M.3.
37623

Teble 26

Chronic myeloid leucemis
Cﬁrciﬁomg of breast
Plecents prsevis
Cercinome of stomach
Uremia

Gengrencus appendicitis
Carcinome of sigmoid
Lymphossrcome

Uremia

Kheumetic eadecariitis

Kenipgioms

48

11

11

12

1/2

1/4

is2

1/2

1/8

12

96

19

38

774
77.7
80.8

87.2

110.0
118.0

118.0

19.8

19.8

20.6

22.3

24.7

25.0

25.1

25.3

-deetT-



Tebhle 26

G.M. - Subacute bacterisl endocarditis 14 1,2 34 - 118.6 30.3
520112

J.8. Carcinome of cclon 7 1/8 - 128.0 32.7
543474 ‘

V.E. Carcinoma of stomach & 178 22 141.0 36.6
5Haabha '

R.FR. Fheumstic endocarditis 6 J— 160.0 40.9
2948654 ‘

K.S. Cerebral thrombosls . & 1/2 155 186.0 42,4
549302

X.B. Venous angioms of hrain ' 18 87 175.0 44.7
546147

R.M. Carcinoms of kidney 22 - 180.0 46.0
545415

ptelelch

Average 1 Bé B4 101.0 °5.8



-161-

gommenty

when the results ure compared with the normal
values ang those cbserved in cardiac blood at death
{tauble 27 the average 1s secen L0 be about six times
greater than the former and 3.5 times grester than the
concentration found in the latter.

4 glance at fgure o for comparison willshow that
the rate of diffusion is wmuch xmeore rapid in cadaver
blocd. 3

several cuuses for such ineressed rate of changs
sugrest theuselves:

1. ‘‘he tempersture of the body «t death und the
failure to immedistely refrigerate wiich means thsi the
blood for a pericd iz stored ot room temperature or
above, not at 2 - 4°C, the temperusture st which blood
is ususlly requcec ss soon ss it is withdrawn for storage.
oheaov (1¥€9) in his cariiest work pointed out the marked
effect the lemperature hes on the blood and other Lissues.

2. “The patursl autolysis that takes place in dead
tissus,

3., ‘The formation of amnonias as the result of break-

down of body prot:ins.



Table 26A

Plasme Potessium of Normel Venous Blood*

8ixty Donors

Average (mean) 17.2 mg. per cent
Median 17.2 mg. per cent
Kange 13.5-21.% mg. per cent
3tandard devietion 0.33 mg. per cent
Coefficient of varlation 1.9 per cent

o - . 1o s O Tl T N U 0 o T A S HOR D A o T A s YT A A W T M W S o (U T o W 200 QO O T o0 U oA VR U LD Wy e U Ay e il S M 0 % S o o

*This zroup comprised 50 meles snd 10 females. Each velue represents the
mean of two amliguots of the originel semple, 0.5 ml.of plsssma being used.

-y19T~



Plassme Potussium of Human Blood*

Number of Source of semple _ Plasms potsssium expressed &8
gsamples _ ¥illigrams ¥illlequivalents
enalyzed per cent per liter
Averusge Kenge Averagze Range

73 Venous blocd Trom rormal

13 Cardiac blood removed st

27 Cardisce bplood rewoved at .

autopsy** : 101.0 54.7-180.0 25.8 14.0-46.0

¥Centrifuged at 2,000 r.p.m. for 1 hour after which the plasus or serum was lmmediately
separated from the cells. :

**The avernge time of separating the serum from the cells after death was 31.0 hours.

The figure for esch determinstion represents the mean of 2 aliquwot samples.

~d191-
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sonclusions

“he rate of cell disintegration of bvlood in a
cadaver as measured by the rate of povassium
diffusion is much grester than ithat of fresh
blood stored st once at 4°C.

5lood from cadavers may present changes nt
the time of withdrswal comparable to those

founa in fresh stored blood 3«5 days old.
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Amaonie Chenges in Preserved 5lood

“he high potassium velues found in the observstions
on gadaver blood raised two questions. The first: .re
these values true? The second: 1f true, why so high%

it has been xnown for e long time thet in the cobal-
tinitrite method of potussiun determination any amnonie
present would be quentitatively preecipitated as amuonium
calbaltinitrite along wiith the poteassium. 1In a deed body,
where autolysis goes on at a raupid pace even at low
temperatures, the possibility of breakdown of protein sub-~
stances with relesse of smmonie is not only plausible but
very probable.

Yo rule out this probability as a factor several
cadaver bloods were exanined for their amnonis content.
ihe method was imperfecotly worked out st the time but with
crude méthods the highest cuzmonia value found was 1.3 mg.
per 100 cc.. This small quantity even if it were falsely
read with the potassium precipitate, could not, it was con-
cluced and this conclusion was concurred in by bLoctor Jacques,
account Jdirectly for the marked inereasc in cadaver plasma

potassium values over the levels found Just at death.
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smmonia, even in minute guantities might, however,
heve the same effect on the potassium diffusion of a
red blood cell in plasma as it does on the Vplonis in
ses water., Jacqgues (190) has shown that if the con-
centration of ammonis in sen water is raised by C.00CL
molav there occurs & rapld exit of potesssium from the
Valonin as though the cell were injured. There has been
a very strenous effort on the part of nature it seems 10
prevent s concentration even this great in humsn plasma for
Conway (1935) has shown that there is less than one part
of ummonis in 30,000,000 purts of blood.

To determine Just whet part smmonia does play in the
chunges observed in stored blood s series of experiments

were planned.
Zxperiment (1)
Msthod

{0 ascertain the effect of smmonia on potassium
diffusion in vitro z releatively stable ammonium compound
was chosen to begin with, LH,CL, and the bloods were kept
st about vody temperature to simulate a little closer the
sctual state of & patient at desih.

To one of two similar portions of citratad blood 0.133

graans of smmonium chloride was awed to mase a concentration
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of approximately 0.CL molsr solution. These {lasks
were suspended in a water bath kept at 38%C throughout
the experiment sand were undisturbed except for (he toking

o{ ihe samples. The results sre tsbulsted 1n tudble 28,

Interpretation

Cne obvious fact is thut the contrc L blood cells gave
up potassium at « markedly increased rete when compaured to
bloods stored at 4%(Part I). On the other hand, these
firures of fer some dirfficulty when an interpretaticn is
attempted in regard to the ammonis-potassium relationship.
If the ammonium chloride diffused egqually throughout the
entire fluid mass approximstely 10 to 12 milligrams of
ammonis nitrogen were added to each 100 cc¢. of plasma,

If this quantity waes preocipitated as potassium then the
difference recorded between the control and smmoniated blood
is due to precipitstion of the ammonla as cobaltinitrits,
ané not due to en incicesed rate of lose of potessium from
the ceils. If this be so, the difference due 10 smmonia
nitrogen actually present would remain relatively constant,
therefore any increuse in the éifference between the control
plasms potassium values and that in the ammonisted blood,
whioh 1s grester than that ¢f the first determinations would

gean 10 be due 10 & true incremse in diffusion.
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1
Effecet of xmmonia on the kate
of Chanwes in Preserved Llood

(‘D

Tewmpersture 38°C.

Date Time in hours Potsssium &3 milligrams per cent
from phlebotomy in plesxa of citrated blood
Ccntrol Ammonisted Difference
blood between
srecimens
3/18/39 0 20.9 - -
2 19.8 30.6 11.0
4 20.0 29.0 9.0
8 20.3 31.7 11.4
3/19/39 8 21.9 33.2 11.3
15 23.0 40.0 17.0
18 27.2 43,9 18.7
23 30.9 52.8 2l.9
3/20/39 31 40.4 55.7 15.3
39 79.9 g9a.1 18.2
3/21,39 71 121.0 120.0 1.0
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“he next guestion remeins: Is there a gradually in-
ereasing emount of aasmonis in stored blood; sxd if so,
what levels does 1t reach on successive days? |

70 answer this guestion, Dr. surgaret T, Smith in
this laboratory spent several months working out an accurate
technigue for determining the minute amounts of armonia-
nitrogen in human blood, based on the method of Conway (1835).
The latter was able to show that the namwmal content of free
Nﬁs in venous blood was either zero or below the anslytical
level, but when shed into an open vessel s rapld rise coeurred
in the first five minutes, In a later publication (1839},
he divided thils free 4n, into three categories, nawely: (1)
the "alpha™ Nﬁ3 shich originaetes immedistely after shedding
and apparentlygrises frow adencsine; (2} the "beta” NH, which
was shown 10 be derived after w series of stages from adenyl-
pyrophosphoric scid; anéd {(3) the "gauma" Nﬂs which appears to
come either directly or indireetly from adenyldeoxyribonucleotide,
or vegetable adenyllic acid.

de concluded that from aveilavle evidence it appesrs
that most, 4f not all, of the Nﬂ3 forming in sterile blood

collected by open s edding is derived finally from sdenosine,

Experiment (2)
fethod

Zlood was collected in air at room tempersture with no
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special precautions from ten heslthy donors and its ammonia~
nitrogen content determined &s guickly ac possible after with-
drawal, .nalysis was carrie¢ out by the "method of suspended
absorption, with the speciel micre-diffusion unit” (83). The
results are tabulated in table £9.

This range 1s comparable to that reported by Conway and
Cooke (84) for this age of plasma after shedding and will be

uged as pbaseline vealues for the following experiments:
Experiment (J)

7o determine the rate of increase in the ammonia of
blood stored for actusl transiusions, samplces were taken from
twenty flasks at the time the blood wuas given the patients

and analyzed.
results

The bloods varied in sge from 15 to 209 hours (1 to
¥ days) and in milligrans of ummonis ni rogen per 100 cec.
of plasma from 0.31 to 0,82, There wus a sharp rise for
the first ninety-three hours (four days), then en almost
constant level for the next five days. These results are

gravhically presented in figure 16.
biscussion

In this series of experiments no attempt wuv made to
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Table 29
Plagms amsonie Content of Hecently
Shed Venousg Blood

Number Age in ¥illierems Bilijequivalents
Hours Per Cent Per Liter
504 1 0.081 g.058
502 2 U.131 0.094
41 A 0.1089 0.078
533 2 0.0%4 C.083
532 2 0.085 C.081
£37 4 0.022 0.018
542 2 0.13% 0.094
509 3 0.0569 0.048
534 3 0.078 0.054
507 8 0.0482 0,030
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Data from table 32

Humar blood in vivo contains less than one part of
ammonia in 32,000,000. When shed in air there is

a repid increase in the first few minutes, then a
slower rise.
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follow the precaution suggested by Conwsy to the effect
that all bloods for ammonis determinations should be drawn
under carbon dioxide to prevent the rapid loss of this gas
when blood 1s drawn into an cpen flask. 7The purpose wus
rather to establish the valuesunder zctual operating con-
ditions in a hospital trsnsfusion service and check, if
possible, the effect of the ammonia of blood so drawn on
the rate of cell disintegration as wessured by the rate of
potussiun ¢ iffusion. The results from the dats presented
aée rather linconclusive, 4«ll that can be sald 1s thut there
was 5 gradusl rise in the anmoniu-nitrogen content of the

ple smiz of citrated blood as the blood became clder.

Conclusions

1. Citrated bloods xept at 38°C show chunges in 1ts
plasme in three days comparable to those cbserved
in blood stored at 4°C on the fifteenth day.

2, There is & oconstant rise in the plasme ammonis of
preservea blood, murked in the first few minutes,
continuing at & rapid rate the Cirst four days to
reach a level of approximstely one milligram per
cent at which level it remains until the tenth day.

9 Blood, kept at body heat, to which smmonls c¢hloride
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has been added shows ¢ greater rate of potassium
diffusion for the first three days of storage. In

the presence of ammonis, the possibility of false high
potassium values as a result of preclpitation of
ammonis cobaltinitrite along with the potassium

cobaltinitrite is pointed cut.
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CHaPTVH IV
rart XI

Sodium Changes in Freserved Blood

In the intact human orgsnisiz, when some disturbeance
causes a rise in poimssium, there is often scen & con-
goaltent lowering of sodium velues., Such & condition has
its best illustrstion perhaps in severe aiddison's dizease
(124} .

In preservec blood it has been demonstrated that thnere
i8 a rapid diffusi on of potassium from the cells into the
plasma,. If this is interpreted to wean that the permesbility
of the cell meabrane hes changed sufficlently to allow one
cation to pass out, it seecims ressonable to expect another to
pass in.

70 test this concept, & series of analyses wus run to

determine the chunges in the Bodium content of preserved blood.

Freliminary .nalyses

approxims tely similsr quantities of fresh venous hlood
were collected from the same donor in three scparate hemstoorit
tubes. In the first tube there was no anticoagulant; the blood
promptly clotted. In the second tube there was placed exactly

one milligram of sodium hepurin. In the third tube, 0.5 cc. of
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3.5 per cent sodium citrate wes mixed with exsetly 4.5 cc.
of blood,

Sodium determinations were then done on the serum from
the first tube and the plasme of the second and third tubes

after centrifugation =t £,500 r. p. m. for one hour.
siethod

-0d fum was precipitated as uranyl zinc sodium acetate
accoruing to the method of Zutler and Tuthill (6%) with
certaln refinements sdded by Liiss Tuthill, now a member of

this laboratory staff,

Results of rreliminary analyses

(1] serum Na 321.7 g % 13¢.8 M.eq./L.
(2) Heparinized plasma Na 24,5 " ¢ l4l.0 " "
(3) Citrated plasms Ns 3¢8.4 " " 169.0 " "

Yo eorrect fer the scd ium added in the form of sodium
heparin it wus necessary to run anulyses on the heparin and
actually dete mine the amount of sodium in one milligrem of
the substunce since the formula is not known accurately enough
to calculate its content. Checks were excellent and the
averugyed results showed 0,172 milligrams of sodium in each
milligram of sodium hepsrin. The hemstocerit showed a cell
volume of 47.4 per cent, plusma volume of 2.6 per cent and

total volume of 4.8l cc.. ¥Flasma w lume, therefore, equals
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C.526 x 4.81 eqguals £.53 cec.. The sodium added to the
plssma equals 0,172 x 100 eguals 6.8 milligrams per cent.

70 correct fo;.tge sodium added in the form of scdium
citrute, the following steps were necesssry, Naﬁcﬁﬂﬁoywﬁ.ﬁﬂze
has « moleculsr weight of 357 of which sodium Torms %% or
18.3 per cent, !

Of the totul 5.0 ce. in the tube, 4.5 cc., wus blood,

2,25 cce. plasma ang 0.5 cec. of 3.9 per cent scdlum cl trate

of which 17.5 X 1% or %.58 milligram were scdium. This
guant ity in £,7% cc. of plasaoe clilrate mixture eguuls 3,98 X
100 equals 128 mg. poer cent sodlum added 1o the socium Q.ready
present. this smount subtracted rrom the obscrved readling

and corrected for diluticn is as follows: 38% - 122 x 270 equals

| EES
328.% millisrems per cent or 142.8 milliecquivalents,

Corrected values, thereforc,on the scme vlood were us

follows:

{1) serum sodium 321.7 wmg. & 139.8 M.5q./L.
(£) ileparinized plasms da 317.9 ¢ " 138.1 "
{3) Citrated plasmn 328.9 " 7 l42.8 ~ ¢

These observations showed that falrly accurate results
could be obtained using plssms instead of serum, .n atiempt
was made 1o establish a series of normal values, using each

of the anticoagulsnts.
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fxperiment (1)

Blood samples were collected from each of eight normal
individusls in hemstoerit tubes which conteined examectly one
mililgram of the sodlum salt of heparin. Pl sma sodium
wius determined ss in the preliminary snulysis., The results
sre recorded in table 3C,

This ranpe of values compares closly with those obtained
in the sealcsl Laboeratories in & long series of serum sodium

determinstions,
~Xpsriment (2]

in s manner similar to experiment (1) the range of
nerme 1 velues was checked on citrated blood plasma. The

results are listed in table 31.
Experiment (3)

&4 sample Oof blood wes obtained from esch of nineteen
transfusion flasks =t the time of the %ransfus on. an attempt
wa8 made in coilecting the blood to obtain accurately one
part of 3.5 per cent sodium ecitrate to nine parts of blood.
~t tines t..is was not gquite possible, The plasms was anulyzed
from esch flusk for ammonia, potassium, and sodium content.

‘he corrected results are tabulated in table 32. Figure 17
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Table 30
Plausps Sodlum io Rormsl
Hepsrirized Hloods

Fumber Billileronms Per Cent #Milliequivelenta
Cbserved Corrected Per Liter
1 BET .0 EEU.Y 129.,1

£ SE8.8 319.9 139.0

3 559,9 32,4 140.5
4 252.9 216.0 137.5
5 Be%. 0 318,97 157.8
8 226.9 5£2,0 140.8
7 324.5 F17.9 136,2
8 324.5 #17.9 136.2
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Table 31
Plasme oodium in Normel

Citrated EBEloods

Number Bililersps Per Cent #11lliequivelents
Observed Corrected Per Liter
1 380.2 . B17.3 | 137.8
2 a80.5 318.0 138.0
S 396.6 337.8 146.8
4 379.6 316.8 137.6
5 378.5 318.95 137.0
6 373.9 309.8 134.5



Table 32

A ucmgazisaﬁ‘s‘ the Rate of Change
ir Plaasze of Amconle, Sodilum, snd Potassium

Seriel Initisl Age of Ammonia-iiitrozen _Sedium Potessium
Kuwber Donor Blood Hg. Fer d.€g./L ¥e. Per H.eq,L ig. Per H.€G.,L
in Hours Cent Cent Cent
S04 A id 0.34 0.84 299.5 129.7 2l.2 8.0
584 J 15 0.28 0.20 313.9 136.3 37.5 3.8
555 P i8 0.41 0.29 217.8 137.7 30.9 7.9
502 A 186 0.32 0.23 217.7 137.9 81.5 5.5
5868 Y i8 0.48 G.25 3l4.8 138.7 34.0 8.7
532 B 18 U.48 G.33 3056.2 132.5 22.8 8.3
507 B 19 0.49 0.25 380.7 139.2 32.8 8.3
509 N 20 0.30 0,22 219.2 138.8 27.4 7.0
53% J 38 .57 U.41 297.8 129.3 34.0 8,7
542 c 68 0.87 0.82 282,.5 183.1 55,5 14,2
484 P 89 1.05 0.75 - - 8%.7 2l.4
592 W 93 1.08 0.77 £261.0 113.8 133.0 34.1
541 L 118 0,99 0.71 £85.6 124.0 132.0 33.8
557 X 140 g.22 0.68 £51.9 109.4 95.8 24.5
4683 H 140 1.08 0.78 - - 123.0 31.5
534 Y 163 1.15 0.82 £56.7 11ll.4 126.0 2E.1
811 L 163 J.81 0.58 250.1 108.8 136.0 34,7
549 ¥ 194 1.09 0.78 260.4 113.0 142.0 36.4
592 P 209 1.00 0.72 £81.2 109.0 1385.0 34.4

-0841-
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was drawn from results which have been uncorrected for

sodium in the citrate solution.
viscussion

The que stion of the permeability of ihe red blood
cells to soluble anions and cations has long been a burning
snd unsettled one. Under normsl conditions it is practically
impossible for ions to cross this membrane but 1t has been
shown that &n inerease in Uy tension or change in fluld
medium (273 or change in pH (290) will markedly change this
state of selective permesbiiity. Blood stored in anti-
coagulants which have n certain toxie sction do lose potassium
from the cells at & constant rate end the above series of
observations suggests that sodiuwn enters the cells st a very
rapid rate for sbout five duys and then reaches a state of
equilibrium.

The extreme valuss recorded show a difference of 3C
milli-eguivalents of sodium in one week. 7This, spparently,
has gone into the cells. There sesms no oiher way Lo account
for its loss. During this same period there was a difference
of 29.4 milliequivelents of potassium. The asmmonia nitrogen
increased approximately 30 per cent,

wodium and potassium, slthough very similar from a
pavsical ond chemical viewpoint, funeticnally sre so different

in the numsn being that at times they seen to be actiuel
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antagonists, “hat part these ionic chunges play in the

destruction of the vitelity of the cell in vitre or in viwvo,

is not known. It coes seenm ;lausiblie, howver, to think thut

¢ substance which could decresse the permeability of the

cell wull witheout injury would greatly prolong the usefulness

of prueserved blood.

1.

e

Conolusions

there 18 a rapld, counstant decrease of sodium in

the plasme of preserved blood.

The rate of decrease in soiium is roughly inversely
proportional to the rate of incresase of plasma
potussium,

There is suggestive evidence that ss the smmonia
gontent of the blood incoresses, poermeability of

the cell membranes is changsd. This sllows freer
passage of ions and they have s tendency to establish
an equilibrium on the two sides of the menmbrane in
place of the marked gradient which exists in perfeotly

noraa 4 cells,
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CHAPTER IV

Part X111

The Fffect of pii on the lermestion

of Frythrocytes by Cations

Ihe lewuksge ¢l cation from cells suspeonded in salt
soluticns 18 s very stringent criterion of cell permeability,
for the integrity of the cell is unlikely to be meintsined
for long under such conditions.

Glrber (273) originally reported the impermeability
of erythrocytes to sodlum and potussium, but Hamburger and
Bubanovic¢ (162) pointeu out in 1910 that if the salt ocon-
centration of the serum is changed or the carbon dloxide
tension is = ltered both cstions will readlly cross the cell
membrans s.

bona (l¥28) working with the cellis of oxen showed that
marked changes occurred only when the pil hed risen to at
least 8, and considered all the conclusions drawn from previous
work on permenbilitiy where accurate account of the pHE changes
Lhad not been made as open to considerable doubt,

conway (1935) showed that only by collecting venous blood

under CG, could the true ammonis content be determined, for

2
there is & sharp rise in the smmenis content of the plasmea

which terminates st the end of about 3-8 minutes, then passes
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into a slow ascent [or several days. This incressed ammonis
inceresses the pi of ihe vlood.

Jacques (1938) hus shown thet evea minute guantities
of ammoni: in sea water will greatly change the permeability

of the ceil membrane of the ses alga, Valonis machrophysia,

R&tz, to sodium and potussium,.

maizels {1935 has shown thet moderste shift in pH
causes increased permeation, probusbly by physical chunges,
but merked shift either side of 7.0 causes changes in per-
meabllity as a resultl of sctual cell destruction., le z2lso
pointed out that in glucose solutions, 002 at Lfirst aiffuses
out of the cell more rapidly than base bicarbonate, hence
renaers the external solution acid; thereafter potassiun
and bicarbonate diffuse out and return the fluic to & neutral
or slightly «lkaiine condition. The addition of swell guantities
of sodiwa chloride to the soclution, it is thought, delay de-
adsorption or muintain the chsrge on the ¢ell surface und so
prevent loss of cution. T“he que stion of 002 trensport waé
woll reviewed Ly Houghton in 1435,

«4l of these findings are of extreme importance in the
setuzl practice of transfusion of preserved blood for only
through a2n understand ing of such an interplay of forces can
one hope to prepare eventually sn anticoagulant which will
v& intain osmotic balance, constant pk and blologiesl properties

of such blood.
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In Pert 1 it wus noticed that smong =11 the pre-~
servatives tested only thsat containing glucose and g lt
in the proportions supgpusted by Rous and Turner (1%18) com-
pletely prevented hemolysiﬁ.. at the time it wss recorded
that the pkE of blood kept in such » solution was lower,
nearer neutral thsn in the other bloods, but no significanee
wu8 wttached to it., ‘hen Loector deudder, us a result cf his
association with Loctors Ostertout and Jacques, became greatly
intercated in the sffect of U0, on the blood, it wus noticed
that the pH of those bloods taken under COE likewise had values
at times lower than those of freshly drawn blood. f
a1l investigators who ﬁ&#a reported results on blood
stored in glucose have shown a sharp fall in the pH of the
blood (Chapter I1) and each has noted the superiority of
such solutions in preventing hamélysiﬂ. in this luboratory
tests run on distilled water showed & pil of 6-6.5, the ten
per cent glucose solutions were found to have & pk of 3.75
10 4.25; the © per cent glucose solutione, 4.5 - 5; and the
sodium ol trute, an average of 7.6. sSome commercisl preparations
of sodiuw citrate have been observed to have & pk of over
8, sspeclally in the more concentrated forms.
7xpecting to [ind &« complete pamllel between the degree
of hewmolysis and the pi, a series of determinations was done
on bloods which happened to be on hand st the time.

Yhe results were as follow:
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Blood lemolysis pH
In Lithiun Citrate + Tel®
In 3oc ium Citrate e 7,73
JeTedis in cltrete M 7.51
Flucental blood, % + 7.81

X3 e v b 17.66

“ " G C 7.5¢
In sodium citrate Tt 7.73

it 15 obvicus thut with such uncontroilied mdt erial and
with so litile correlaticn in the results, no conclusion can

e drewli. wOre controlled wosk wus plunned ss foilows:
siethods

in each of eighv experimenss, blovd wss ubtained from
a different individusl in the us.al manner; one lLielf of the
Saaple wss drswn into sn abwmosphere oi carbon aloxide while
wie control wss colleoied in mir. On the sumples so tsken,

Tfrom four vo six determinstlons of the amonis,pot assium end
s0Gium were wade st iniervals during & two-week period.

In each experiment, ten 50 c¢e¢. centrifuge tubes with a
dlancter of £.5 centlaeters were used s containers, OCarbon
dicxide from a cylinder, filtered through sterile cotton, wus
introduced into the bottom of rive centrifupe tubes to dis-
pisce the sir. 7To erch were asaded £.5 ce. o 3.9 per cent
sodium citrate and 22,9 ce. of blood. For the carbon diloxice
cxperiments, the bloou wus sumitte. directly tothe bHottom of

the centrifuge tubes; in the controls, the blood was allowed
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to flow in st the top. DBoth scts were closed with
sterile rubber stoppers, sesled with pasraffin, and

placeu in & refrigerstor at 4° centigrade. at intervals
during a two-weex periocd, & tube snd its control were re-
moved frow the refriferastor snd centrifuged. Ths super-
natent plosma wus then drawn off for amslyses,

“he ammonie wss determined by the method of Conway
(85), the potassium by a modificstion (38%) of the ar-
genticobaltinitrite method of Brelk and Guebler (87}, and
the sod ium by the method of Butler and Tuthill (&9). De-
terminst ions of pi were made on six of the ten samples,
using vhe glass electrode of Luelnnes (272). uessurements
of sumoniu, sodium, pH, snd the development of color in
thé potassium determinations were done in s constant tempera-

ture rooa, 20.5° 3 1° centigrade.

nesults
The results in sll of the experiments were consistent.
In each, the concentration of ammonlis in the blood taken
under carbon dioxide wes lower, the rates of potessium and
sodium chunges slower and the pi nearer neutral at the end
of the experiment. & typicel set of findings 1s tabulseted
in table 338 and graphically shown in figure 18,

Discussion

The congcentration of ammonia in the control beginning



Table &3
Effect of Carbon Lioxide on Sodlium,
Potassium, Ammonla-nitrogen, and pH Changes
in Preserved Bloocd

Date HHeg - N Na X —— pH
AlT COo Air COo AlT Oz Alr
Vg.% He8Qe BFR.® 5.6Ge NE.* H.€G. Hg.® #.€q. ER.% M.€J. MKZ.¥ M.6g.
/L /L. /L. /L /L, /L.

} \ | 1 i ] t
' : : : : : :
9/11/39 0.101 0.07 | ©0.01 10.01 | 322.11189.6| 237.4!146.5| 17.1} 4.4 | 17.4} 4.5 -
| i E | E | E
9/12/3 0.37: (a2 0.08 :0.06 524;0:146.? Eﬁ@.ﬁ{léﬁ.% 1.3 8.0 25.4| 8.5 7.76 |
| | | a s s e
9/16/39 0.551 0.39 | 0.18 10.13 | 302.61131.4| 333.0[144.6| 56.4!14.4 | 34.8! 8.9 7.58 |
' : z s | s s
9/19/39 0.77 5 0.55 | 0.30 30.21 £96.41128.7| 217.01137.6| 75.9 118.9 49.9112.8 7.65 !
= s a s s s e
9/28/29 0.94 30‘6? 0.44 :ﬁ.ﬁl 276.811280,2 515.5:185.7 81.6125.4 62.1115.9 7.69 |
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Date from table 33. The scdiuw velues as presented
are uncorrected for the scdium in the preservative.
Rarnge: Sodium in control 322.1 to 276.8 milligrawms

per cent; in carbon dioxide, 337.4 tco 312.5 milligreams
per cent. All chenges are less marked in carbon
dioxide than in &ir. pH in control 7.76 to 7.89; in
carbon dioxide, 7.48 to 7.17.
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at 07 williequivalents per liter rose to .67, an increase
of 60; in the GGQ environment it began ot 0.0l and rose to
0.31, an increase of exactly 60 per cent of thet seen in
the control.

sod lum velues degreased in the control 19.6 milli-
egquivalents; in GOE’ 10.8 or 55.1 per oent as much,

Fotassium values inecreased in the control 19.0 milli-
equivalﬁnta; in GGR, 1l.4 or 58.4 per cent as much. The
ph velues in 602 approached a normel velue of seven more
closely than tbey(ﬁi& when taken in air.

No maasuramehts of the smounts of hemoglobin lost in
the plusma were done 1n these experiments but hemolysis in

the sumples taéﬁﬂ in CO, wes less than in those tsken in air.

conclusions
Blood druwn under carbon dioxide msinteins a pi value
nearer neutral thaen blood drawn in air &nd is effective in
returding chsnges in the concentrations of smmonis, sodium,

and potassium.
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CHaPTER IV
rart X111

Calciun snd rFhosphorous Changes

in FPreserved Blood

O0f the six metals commonly present in living mutter,
calcium is the one with the greatest tendency to form
inscluble salts (282;, In mesn, for the most part, 1%
is found to be present in the form of the phosphate or
carbonate snd may be divided into two forms (1) diffusible
and (£} indiffusible., The diffusible portion alone is
capable of existing in the lonized state and cnly s small
portion is ever asctually dissociated from its very stable
salts (4083).

In the blood it is found in the form of iricalcium
phosphate, a relatively insoluble compound, but under the
influence of carbonic scid of the plesma, 1t is partiy con-
vertea to the more soluble celcium bicarbonate andé calcium
hydrogen phosphute, which may ilonlze to some degree in the

following manner:

Ca llugly  2Hgco, - 2CaHPO, , Ca(kC04),

2ca’™ + EHPOS+ o't 4 zHOO,”

«hen carbonic seld tension is reduced, reprecipitation
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of the lonized sctive forms will teke pluce. Howlend {408)

has exiressed thls interdependence in the following wenners

(Cas+) x (5003“) x (HPO
H”'

It orn be ssen thut the concentrstion of any one ion will

4) = ¥

#t once produce ohenges in the concentration of the other
lons. A reiluction of eeg tension in the blood will lower
the H lon concentretion, therefors, un eyulivalent diminution
in the ocalclum, biourbonete znd phosphete ions must rfollow.
Clinically this conditicvn is seen in alkalemin,

In preserved bleooud it hus been observed in the pre-
ceding experiment that there is - tendeney for 008 to
escspe, thereby chenzlng the 0 ilon concentrstion of the blood
#nd causing s change in the pertition coefficients for sodium,
potassium =nd smaonis.

Ideally the biocuarbonste velue on the scme blood should
be done st the scme time the culolum -nd shosphorous content
is done. In this particuler experiment wmechsnicsl snd techunical
difficulties wade this impossible, but the changes in the

lstter two sre of interest.
¥ethods

Caleium wzs determined by the rmethod of Clarke =znd
Collip (78), the finel titration being done agsinst s stepdard

sodium oxalste solution.
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Fhosphorous, ceternined as upe4, was done by an
s@aptat lon of the methods of Collip and Clarke (78) and
Fish and subbarow (l2&). Following Camble's (134) suggestion

the valence of the ﬂ?04 radicle is considered 1.8.
Procedure

From a voluntary donor 450 ec., of blood was drawn
{a 4r into a wide-mouthed straight bottle conteining 50
ce. of 3.5 per cent sodium citrate, and divided into twelve
equal portions.

Cn the plusme of one sumple, caleium and phosphorous
determinations were done on the day of collection and on
the following day. Then on every second day, two tubes were
removed from the refrigerator snd the plasma removed from
one to be analyzed. The second tube was inverted five tiues
te thoroughly mix the blood and centrifusged for thirty minutes

before the plasma w=s removed.
fesults

The results are presented in table 34 and show the
changes which took place during nine days. ZLach of the
velues is an average of at least two sepurate deteminations

by two individuals,
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Summary

The calcium content of the pleasme of prescerved blood
rens ined constant for a period of nine deys and wis
not inf luenced by moderaste trauma in the foru of
shaking.

There wus a slow but definite increase in the plasma
phosphorous content and this increase was accentuated

by traums, especially in the oldest blood.
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CHaPTYR IV

Furt XIV

daugnesium Changes in Freserved

Blood

dognesium is found in cells in a greater juant ity than
any cation except potussium. Joseph and wesltzer (214) re-
ported in 1lV¢l¢ that the toxicity of the chlorides of mug-
nesium, esleium, potsssium snd sodium veried in almost in-
verse proportion to the quentities found norms lly in the
blood, particulsrly in the plssms. Cince potassium con-
stitutes approximately C.02% end magnesium 0.Cljp of the
blood, significant incresses in plasms magnesium, sccording to
this theory, should prove twice as toxic as potassium. To
discover whether or not msgnesium lezves the cells of stored
blood us freely as pétassium, determinations were done on

s series of bloods of different ages.
rrocedure

Twelve equal portions of blood preserved in a 1:9 mixture
of 3.5% sodium citrate and blood were collected and for a
period of nine deys, plasma magnesium determinations were
done before and after shaking, as in Fart XIII. The method
used wus an udaptation of several methods (58, 78, 129). The

resulis are presented in table 35.
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Table 35

sagnesium Changes {n Prescrved 3lood

Age in sagnesium in killlequivalents per Liter
Days Before Shaking after shaking

¢ 2,3 s

1 2ed 2,35

3 2.5 Zed

5 2.8 2ed

7 2,5 2o

@ 2.4 2.4

Conelusion

Magnesium diffuses out of red blood cells into the
plusma of stored blood st a very slow rate.
Hoderatc traums does not increase appreciably this
loss.

The actual incre-se in megnesium at the end of
nine days' storage appears to be too smll to

play any part in toxic manifestations following

transfusicns with preserved blood.
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CHAPTYR IV

Part XV

Changes in the Total ilectrolyte otructure

of the Plasma of Preserved Elood

waving observed the changes in potarssium, sodium,
gmaonia, caleium, phosphorous, magnesium sand pil of stored
blood, the guestion of the maintenance of totsl ionic balance
in blooas graduaslly growing older loomed us an unknown well
worth investigation.

fo this end freshly drawn blood from the blood bank
wus set aside &t approximsiely monthly intervals for four
months., a4t the end of this time determinations of the
plusma sodium, potassium, c¢alcium, magnesium, bicarbonate
{808 combining power), chloride, phosphate and pH were
made on the several samples.

Gomplete studies on the sulphates, organic acide and
proteins could not be carried out at this time so that the
final answer to the complete acid-buse balance has not yet
been attained, but the cation pleture is complete and the
anion picture far encvugh along to clcarly polnt cut trends.

There 1is not camplete unaenimity of opinion concerning
the eguivalent values t0 be assigned to the sulphate o ganie

acid and protein cosponents on the scld slde of the equation.



In this Institution we have followed the values
estublished in the Department of Medicine us a result of

many studies by atehley, Loeb and Qutman. . comparison

of the figures with those of Gamble of Harvard is present

in table &6,

ethods

rotassium, sodium, calcium, phosphorous and magnesium
determinations were done as in preceding sexperiments.

The chlorides were determined by the wethod of Van
wlyke (594}, the carbon dloxlde and oxygen by the method
of Van 3lyke and Neil (095}, and pi determinstions were
dons on the Maclnnis and Longsworth glaas el ¢trode po-
tentiometer (27:Z).

The bloods which were sxsmined on the fifth, sizty-
eighth and one hundred snd seventeenth duys of preservation
were stored in narrow-walisted dumbell shuped Tlasks which
contained 50 cc. of 3.5 per cent sodiun citrate in distilled
water to 450 ce. of blood. «1ll but cne of these [ lusks were
inverted to thoroughly mix the cells and plesms, belfore the
sumple wo o removed for centrifugation and removal of the
plusma for analysis. 7Ghe values in thelasst oo lumn were ob-
tained from the plasmae of a4 blood one hundred and seventeen
days old, which haud not been disturbed during this entire

pericd.
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Table 386
Acid~-base Composition
of Fressh Blood Plesma

(Expressed in Millieguivelents
per Liter)

Base _ Aecld

Ion Gamble Gutman Ion Gantle Gutman

Ne! 142 142 HCO ! 27 28

XY B ) CLY 1083 104

Cat? 5 5 HPC 2 b

Mt 3 2 804" 1 1
Ore.bc. 3) 1
Protein 18 i8

Totel 1385 154 155 154



“he twenty-one duy o0ld blood wis kept in s wide-mouthed
flesk while the ninety-three day o0ld blood, column six from
the left, was collected in s Baxter Transfuso-vee bottle
which contained 70 cc. of 2.3 per cent sodium citrate in
physiologlec saline,

4ll values have been corrected for dilution and added
soaium or chlorice, Ho sttespt has been macde to e¢stablish
the equivalent value of the citreste added., This, 1t 1s hoped,
can be done when the sitempt is made to complete the acid

side of the pilcture.
Hesults
The results are %abulated in table 357,
Liscussion

+hen 1t is considered that the bloods used in this
gseries of experiments were obtained from six different in-
alviduals, were not accuraiely measured as to content of
socd fum ¢itrste and blood and, at the time of analysis, had
stood in the refrigerater from one week to four months, the
balenee in the caticns is striking.

lThe greatest changes, as expected, are seen in the
vbry soluble and diffusible sovium amt potassium ions., In
the Jar whici contained the addeqa sodiium chlorice (ninety~

'three‘days old) the final sodium value was the lowest, the



Tuhic 27

Tuhic
Chuires in Totzl Cetlien 3Stricture
in the Pleame of Freserved Blcoed

(Ex.ressed in i illieguivelents per Liter)

Cetions Normsl Ace in Davs
Gutzan 5 e1¥¥* 88 qa3* 117 117%*
Na? 142 122.4 106.3 119.0  £9.7 108, 120.7 -
K* 5 te.E 35.0 9.2 54.2 40.6 PR.8 ?
Ca'? e 5.3 c.5 3.7 5.7 Del .4
Ngt? ° 1.9 2.8 2.2 £.4 2.7 2.1
Crotal 154 157.2  149.3  149.0 152.0 153.8 167.0
Cherres In fnion Cempesition
in the Plesre of Freserved islood
Anions
HCO ! 27 16.6 11.9 15,4 12.4 10.7 18.5
Cl* 103 93.5 a7 100.5 63.90 96,7 107.0
HPQO4'!' 2 1.9 ¢.0 5.2 8.2 7.0 3.4
pH 7.3 7.31 7.2 7.28 7.10 7.2 7.04

* Bexter Transfuso-vec. ** Undisturbed plssus. *** v{de mouthed Tlesk.
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potassium walue the highest, as though the added sodium had
inereased the concentration gradient and {orced more of the
catlions into the cells when the permeability had beesn changed
sufficiently to allow freec passage.

Calceium in these bloods stored for longer pe:lods acted
similuarly to that in bloods stored for shorter periods and
showed relatively little change, nor did thoroughly mixing
¢ one hundred am seventeen day old blood incresse the plasma
calcium content.

magnesium, as the second largest constituent of the cells,
might have been expectea to show & greater outward diffusion.
appurently, it forms compounds within the cell which are more
8table, hence less readily ionized and slower to diffuse out.

The average number of millieqguivslents of the totals
in the six bloods studied azounte to 153.8 compsred to the
control nomel value of 154.0. Very true indeed 1s Claude
sernerd's conception of the constency of the milisu interieur
(29},

The slkalle reserve of the plasma as messured by the
GQE combining power of the blood decreuses with age. No
exact relation cen be established from these data to conclude
that 1t varles directly with the pH.

The chloride ccntent diminishes but not to the extent

the sodium does. Two things are striking in the tableg the
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the low velue st the end of ninety-three days in the flask
which contained 70 cc. of normel seline at the time the blood
was teken, sand the Ligh velue of the plasme chloride at the
end of four moaths in the flask which waes lelt undisturbed,

The phosphate gradually increased in the plasma with
the increasing age of the blood even in the undisturbed state,
more s¢ when sgitated but never so grest as the rate at wh ich
pot assium is lost from ths cells.

The ph of stored blood, though quite variable in the
early days of its storage as shown by previous sexperimentis,
has & tendency to egualize conflicting forces and &ppro&ehéa
its normul level after several months.

The total quantity of hegativ¢ ions in these six bloods
ranged from one hundred to one hundred twenty-six milliequiva-
lents per liter, an average of approximstely one hundred and
sizteen.

daving shown that the total positive ionie content remeins
constant, thut the pi varied very little, thuti the protein
changes very iittle (856, the quentity of nepative lons
necessury to complete the acia-base balance must be supplied
by increuses in the orgasnic acid ion content. There ls evi-
dence {(Lhapter 11l) that a purt of this may come Irom the
increcsing quantities of lactic acid formed by the process

of glycolysis. This is s fuctor yet to be integrated with
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the above facts t0 complete the pleture of the complete

acld~base composition of the plasma of stored blood.

LSunmary

In the plasuma of bloods stored from five days to four

months, the following changes were observed:

1.
2,
Se
4.
S.
G
7.

1C.

rotassius Increases.
Jodium decreases.

Calcium remains practically constant.

w-gnesium increases slowly.

Bicarbonate decreases,

Fhosphate increases, purticularly following trauma.
Chlorides decremse in plasms intimetely mixed with
the cells, remain constant or sl ightly increase when
left undisturbed.

The pli decreases =t first then gruduslly approaches
tbe level of normal blood.

The total positive ionic content remains constant,
in spite of great verletvions in the plasma content
of the various cations.

The observed loss of total negative ions suggests
thet valance i8 amsinteined by a gradusl increase in
the orgenic scid ion component. This factor is to

be determined.
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CHAPTER IV
Fart IVl

General sSucmary and Interpretation

of Lxperimental Stwiies

1. flasma fotassium [nerease

There is & deily incrsease in the amount of potassium
present in the plasma of prescrved blood, beginning at the
time the blood is drawn, mounting to twenty-five per cent
of the total potassium ccntent of the red blood cells at the
end of ten days, and reaching fifty per cent at the end of
thirty days, at which time the concentration begins to become
equalized inside and outside of the cells,

This suggests that bloods stored over long periods of
time should be withh&lé or carefully given in elinical con-
dttions ussociaeted with hyperpotassemia such as is found in
cholera (351), intestinal obstruction (358}, severe buruns
{357), renal {50) and hepatic (41) insufficlency, typhoid
fever, influenza, pneumonia {232}, hypoparathyroid tetany
(15%), the collapse state of sddison's Disease (3, 124, 275,
388) and in other disesses of the endocrine system associated
with disturbances in salt metabolism. (21, 163, 166, £66, 275,
276). There is evidence to sugeest that its inconsiderate
use may be dangerous in hemorrhage andé shock (356), the field

of its greatest uscfulness.
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2. Hemolysis e¢s a Criterion of Toxicity

The degree of hemolysis cannot be used as an index
of potassium loss or toxicity of blood. lLemolysis may be
completely prevented by the use of a glucose-saline-citrate
preservative but no preservative yet found will prevent loas
of intracellular eleotrolytes. These chenpes are the most
sensitive indicators of the chunges in permeability of the
cell membrane and of the vitality of the cell. No good

practical index of toxiclity 1is known.

S Toxiecl tv of Potasgssiunm

The potussium ion has an almost specific action on
the heart and peripheral vesculsr tree, producing on injection
disturbances varying from diminished cardiac out-put to
jmnediate arrest, depending on the rate of injection. Heason-
in by analogy from data obtained from animal experimentation,
it would reguire between 3,000 and 5,000 cc. of thirty-day
old blood, given at a fairly rapid rate of injection, to
kill & healthy man of average size,

This suggests that preserved blood is safe 1f ordinary

clinical Jjudgement is exerclsed.

4. Hed Blood Cells and Hemoglobin

Lrythrocytes remain almost constant in number for

fifteen days in any of the usual preservatives, diminish
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about twenty per cent by the end of the first month in
citrate solution, and reamain intece for psriods exceeding
a month in aitréta-a&line«glucosa mixtures with mei ntenance
of full oxygen carrying ability. They become graduslly
more fragile. First signe of hemolysis under good storage
conditions sppear between the twelfth and twentieth day in
citrac e, only after thirty dayvs in glucose cltrate. Hemo-
globin content remains constent in the totel specimen, being
found in measurable quantities in the plasms » out the
twentieth day and asounting to fifteen to twenty per cent
of the cell content at the end ¢f thirty deys, a decrease
which, in part, is reflected in the twenty per cent loss in
the mesn cell dismeter of the red cells.

Bunxed blood, therefore, theoretically mey be used from
the point of view of erythroeyte and hemoglobin content for
fifteen days with prospect of excellent results, for thirty
days if stored in glucose with fair results. Becsuse of
the increasing fragllity of the cells and the possibility
of Jasundice, it is advisable to use only bloods of less than

ten days' storage.

S khite Blood Cells

Leucocytes as & whole disintegrate rapidly, the poly-
morphoneuclear neutrophiles, in particular, s that st the

end of two or thres days {t is doubtful whether any are capable
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of function. Becsus¢ of the close association of the
white cells with the phagocytic, bacteriocldal and iamune -
properties of the bloou, it is sugsxested that where trans-
fuslons are indicated beceuse of their antibody conbtent
fresh blooa be used or at least blood stored for not over

three days,

B Prothrombin

‘he prothrombin content is not markedly reduced for
st lenst ten days und mey remain at levels higher than those
sssocizted with vleeding tendencles for four months., Blood
stored for many days, therefore, rmay be used in cases of pro-
thrombin deficlency wlih the expectation of good results,
sarlier reports frow this clinic showing rapid loss of pro-
thrombin concentration were due 1o the use of old brain ex-
tract in carrying out the . ulck test. “hen the work was re-
peated wilh freshily extracted rabbili brain as the source of
thromboplastin substances, the fall in prothroubin levels was

very graauail.

7. Flatelets

The thrombocytes fall rapidly to a level betwsen 10,000
and 80,000 within the first three days of storage and then
remain fairly constant depending on the anticosgulant used.

In cases of essential throumbooyt ic purpure, 1t would
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seem advisable to use fresh blood or blood which had been
stored for less than three days to obtain maximel thera-

peutic results,

8, Effect of Trauma

The effects of trauma on blood c¢ells are magnified
by increasing asge. Blood which is to be exposed to the
trauma of transportation should be sent to its eventual des-
tination as soon after withdrawal as possible, in order tc
insure the‘least rossible damage 1o the inecressingly fraglle

cells,.

G, ideal container for Blood

The rate at which diffusion of intracelluler electro-
lytes takes place into the plasme varies aspproximately as
the dismeter of the container at the inverface of the con~
tainer. Blood, therefore, ahould be stored in a flaskx with
& narrow waist to diminish the rate of diffusion, & narrow |
neck to prevent changes in the plasme over & widely ¢ip osed
area, and the alr spece st the top should be st a minimum
to prevent spiashing and dammge to the cells on movement.
The msterial shoulé be heat resistant, alkalle free and should
not be covered by such foreign substances as paraffin for
prolonged storasge.

such 8 container has been designed and tried out in this

laboratory with gratifying results.
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10. Placentsl Blood

“he cel 1l volume of placental bloods is spproximately
£ifty per cent higher than that of the mothers st torm end
trenty~five per cent higher than thav of the :verage healthy
sdult. Its protein content is lower. ‘The cells disintegrate
at ¢ rate similar to that of adult bloous. The danger of
contumination is grezter and the anounts obtained from each
placenta zeem Vo vary with the technique of the operator, but
once ocbtained, upon experimental grounds, it is equal to
or better than adult blood when comparsd wvolume for volume.

It must be groured and cross-matched with the same care as

blood obtained from eny other source.

11, Caprdiac Ilood at Death

‘he concentration of potassium in the hearts' blood
of unimals obtained at death following the intravenous in-
Jection of lethal doses of potassium chloride, or following
induced shock, was uniformly higher than thst found in humen
beings at death.

ihis suggests thet there is dunger in translating
the dauts from animal experimentetion in terms of humen re-
sistance to a toxic substance. Man may be more sensitive
to the toxic action of a poison like potassium than dogs or
euts, In using bloods stored far long perlods with marked
dqeteriorative chunges, a larze murgin of safety should be

allowed.
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1z, cadaver Blood

Blood from cedavers may preseni changes ut the
time of colicction coumpsruble to those found in donor
bleod stored for thive to flve days., 7The rate of cell
disintegrution us neasured by the rate of potassium
aiffua.on is gremtly in excess of fresh donor blood stored
under g milar conditions. UThere 1s an elsment of safety
in the use of c¢sadaver blood stored without anticosgulant,
Those bloods collected from persons dying of severe in-
fections or wasting diseases will clot, w ile only bloods
from relatively healthy individusls who have died scutely
wi1ll undergo fibrinolysis and be suiteble for use,

There are certain psychic inhibitions to the use of

such blood but the metter is worthy of real consideration.

1. Lffect of deat

Cigtrated bloocd kept ati 58°C. shows changes in three
days, coupareable to those observed in blood stored at 4°C.
after fifteen days. The danger of inlection is greutly in-
creasned.

+11 bloods should be reduced to ¢ tempersture of
three to five degrees C,, us soon us drewn and stored in
& refrigersetor which is free from mechenical shuking or

aoverent, used for storage of blood alone.
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14, samonis anéd e ll Permeability

¥reshly drawn blood raplidly loses carbon dl oxide
and @ llows a sharp rise in the ammonls content of the
plasma. This, in tum, 1ucreaaea the permeabllity of the
cell membrane snd allows more rapid leakzge of cellulsr
electrnlytes, a condition detrimental te the vital pro-
perties of the blood. |

Blood drawn under carbon dioxide does not show
these rapid chaanges, therefore, is kept in a better state
ol preservution for longer perlods of time. ~“hen bloods
are to be used soon sfter drawing the added precaution of
collecting 1t under inoressed carbon dioxide teansion does
‘not seem worthwhile; but if bloods are to be stored for
longer pe:iods, especislly 1f they are to be transported,

the extra precaution seems well worthwhile.

15, Flasme Jodium bDeoresse

There is a constant decrease in the sodium cotent
of the plaasms of preserved blood. The rete at which this
takes Pplace 1s roughly inversely proportional to the rate at
whicﬁ the plasma potassium increases. DBoth are evidence
of 8 break-down in the seclective permeabllity of the cell
membranes.,

There 1s no wey of complstely preventing this shift

of electrolytes in preserved blood at the present time,
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16. ohifts in pid Congentration

The permeabllity of esell membrunes is merkedly
affected by wide shifts of pH from that of the blood in
the booy. some ¢itrate solutions arce too alkaline and
causc rspié change in pl with consequent lncreuased rate
of eleotrolyte dispiacement.

“hen curbon dioxide tension 1s maintained, thepl
chunges are less. ihen glucose ls aaded to the preservetive,
there is at first s toendency for the flula Lo bescome more
acld due to glycolytic processes, when this process slows
down there is & shift buack towards the alkeline side and

= restoration of the status guo snte.

Blood arawn under carbon dioxide gnd preserved in
glucose maintsins a ph value close vo neutral and prevents
the chaages which follow masrked shifts in hydrogen ion con-

centraticn,

17. Caleius and Fhosphorous

The e¢salcium ocntent of preserved blood remains at
practicslly & counstant level for periods es long us four
msonths.

Pho sphorous shows a very slow bui stendy ineresse
in the plasme ane this ls sccentunted by Lrawis.

"he chuanges in neither appear to be of great practical

significance,
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i8. lotel Cution ostructure

Fotaseium goss steadily ami rather rapildly up in

the plusms of preserved blood end megnesium inereases much
more slowly, while the phosphorous content increuscs so
slowly that iV mey be considered Just s tendeney. Sodium
values steadily f211 and ecsleium renmes ins constant. The

sum of all of the positive ions when expressed as ejuiva~
lents ot hydrogen remsin coanstant, slweys equalling the total
for fresh plassma in spite of the very marked difference in

distribution between the cclls and the plasms.

le. anion Changes

The alkalle reserve s messured by the carbon dioxide
conbining power decresse¢s with the increasing age of the
blood, while the phosphate which to a large degree is an
intrsceliular constituent, gradually inocreases as the in-
c¢ressed permesblility of the cell membrane allows easler
pessage of both estions and anions., The ohlorides diminish

but not to the extent the sodiumr does,

2C. General loneciusion

Blood preserved for periods not exceeding vten days,
insofar as could be determined in these investigstions, is
sufe and for most purposes should glve results when used for
transfusions compuIeble to those following the use of fresh

blood. Its repic loss of white cells precludes its use in
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cases where bactericidal properties ar antibodies usually
associsated with white cells are desired. It would seem
less effective in cuses of thromboeoytemenic purpura and
bleeding due to prothrombin deficiency. Its use in large
guaentities would seex contraindicated in patients surraring
with discases sssocl ted with hyperpotassemla but even in
such cases 1ts moderate sand intelligent use should leod to

no untowrd effegts.
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CHAPTER V
PHESBYTERTI AN HOSPITaL BLOOD BARK

Pert 1

The Establishment of the Bank

Followlng prelimipnsry discussicns between Mr. John
Bush, Superintendent of the Hoapltsl, and Dootur Fordyce
B. 5%, John, boetor David €. bull, snd Doetor John Scudder,
on November 28, 1938, the Chalrmsn of the Medical Bowrd,
Doctor J. zHentley Bguier, at the reguest of Mr, Busch,
88-8d the Doard to endorse the sppointment of & comrittee
to investigote the advigebility of the use ¢f a blood bank;
the comnitte Lo be composed oft

Doctor Fordyce B. 5t. John, Cheirmen

Deetor 4. H. Lochez

Doctor Devid C., Bull

At & ueeting on Jenpusry 30, 1939, the comuittee reported
thelr fiudings and recommendstions to the Mediocsl Boerd, A
brief resumé of thet report is as follows:

The committee appointed to study the problem presented
by the use of stored blood for transfusions has epproeched
1ts review by:

1. A study of the practice of this method.

2. Obaservations on the results of the experimental
work, no in progress snd sponsored by the Blood Trensfusion
Betterment Association of this city.

A review of the literature revesls the paucity of

materisl of value to dete.
The use of placentsl biood 18 not included in this study.
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Flnelly, your committes haes not taken up the econoumic
phese of the problem exocept to include the observations of
this feoctor by those practicing the method.

Practice

A questionnalre was sent to e selected group of olinices
using the stored blood method of transfusion. 8ix elizics
were chosen because of thelr experlience, and your committee's
knowledge of the men working in them.

The Tollowing questions were asked, after an explanatory
note!

1. How long have you used the blood bhenk system? I8
this the only aystem in use? If not, in whet percentage of
casesy

2. What 18 the source of supply of the blood bank -
patients, friends, family or professsionsl donors, and about
the percentege of each%

3. What percentage of reactions have you hed since
instituting this system, and how does this compare with
reactions resulting from the use of fresk blocd, direct or
indirect® v

4. Whet ere the criteris used In clessiflcation of
resctiona?

5. Have there been dexzths, thousght to have heen due to
trensfusionay

6. In brief, how doses the blood banit system funotion%

7. 13 it possible to give an approximeste ldes of the
saving from an economlc stendpoint®

8. Has there besn any objectieon, sericus or cotherwisge,
on the part of donors%

9. Any medioco-legsl troublef

This communicstion was sent to:

1. The Flrst Surglosl Division of Bellevue Hospltsal
Atteution of the Director

2. The CUreduste Hospltal of the University of Pennsylvenias

Attention of Dr. Wslter k. Lee

3. The University of sinnescts - Attentlon of Dr.
Wagenstein

4. The Ccok County Hospitsel in Chicago - Attention
of Dr. Kellogg Speed

8. The Mseyo Clinlc, Rochester - Attention of Dr.
Eglfour

8, The Mt. Sinel Hogpitul of New York - Attention
of Dr. BEeuhof

The responges from four of these eclinics are incorporated
in this report because of their informative value,
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University of Pennsylvanls CGraduete Hospltsl

The svstem had been in use fouritesn monthsg; the
source of supply 9% per cent the family; less thun
1 per cent resctions in 920 transfuslions compared to
10 to 12 per cent before; no desths; no medico~-legsl
trouble; pleasma removed sfter seven days; has eerned
e very deflnite place.

First Surgicel Division, Bellevue Hospital, New York City

3loo0d bank in use five monthas; only systen used;
1100 transfusicns; 9% per cent of donors, relatives or
frienda; reections 4.7 per cent; saving the clty 22,500
to {4,500 per month.

Cook County Hoapltel, Chlcago

Inaugureted Harch 1937; practicelly only method used;
gource, friends and relstives 9% per cent; resections,
first year 12,2 per cent, second year 5.9 psr cent; desths,
three in 4000 transfusions.

¥t. Sinal Hospital, New York Citvy

Begen June 1938; 838 transfusions; 13.9 per cent
resctions, exsotly the same as in 1000 trensfusions of
fresh blood; stored blood chenpes very little.

Buged on & study of the foregolng observetions, and
cthers on the use of stored blood, vour ocoamittee has resched
the following conclusicns:

1. Tlinme elenent, The method has been used =»
sufficlent length of time to Justify serious considerations.

£. The technlique has been developed appsrently to the
point where no unususal end dangerous reactions are to be
anticlpeted., The possiblility of potentiael danger from the
jmundice and potmssium phencmensa, however, has not been
eliminated., This requires further study as do cther fasetors.

3. The indicstions of the resulits to date warrant
compaerison with past methods, We further believe thst thia
method of treansfuslon may well replace freah blood transe
fusions in the future in & pumber of conditions.
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RECOMMENDATION:

O0n the basis of the sbove conolusious, your committee
recommends that this method be given an experimental trial
in this Clinic.

pbr. fordyce B. S5t. John,
Chalrmen

This report was accepted by the bHosrd and 1t was
rresolved: Thzt an experimentsl trisl be mede of & blood
baenk in thnis hospital; that the present committee should
oarry on, institute 1ts instellietion and heve supervision
over all its detsils.”

Doctor John Scudder wes appointed to direct the
laboratory end experimentel aspects ol the prcject end
Doctor Charles R, Drew t0 menspge the bank and direct

elinfical investigetions.



-20¢~

CHAPTER V
Part 11

Orgenization of the Blood Bank

1. Location and chedule
attus 1l operstion began on sugust &, 1932, The follow-
ing anncuncement wss sent to the house staff on the followe
ing day.
FHESBYTIalalk HOSFLITAL

EXPEAIMENT AL BLOOD BaRK
4ard L -~ bast. Hoom #43

To the lospital Resident staff

Gentlemen:

The experimental blood bank went into effect on
~ugust 9th for a trial period of four months.

furpose:

(1) To sscertzain the safest method or come
binzticn of methods to preserve human whole blood for
rurposes of transfusion.

(8) To check c¢linioslly certain lsboratory
observations which besr directly on the indicetions
and ccntraindications for the use of preserved blood.

{(3) To estimate, if possible, the economic
aavantages of & blood bank in this hospltal.

yroblem:
(1) To escertain more sccurstely the phystcal,

chemical and biological changes which take place during
the storage perioc of bloods kept in varicus types of
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containers and with different anticoagulants,

{8) To establish, if possible, the relation-
ship of these changes to the effectivencss of such blood
in specific clinical conditions and to the unfavorable
results sometimes seen in blood tranafusicns.,

Time:

:00 ¥F.i. wonday, tednesday and Friday.

G

Plage:

Vandervilt Cliniec - ¢ Floor, northern-most
corridor (surgical Diagnostic Clinic)

bonors:

To report to admitiing desk by appointment
on sbove stated days.

ihey must be fasting.

They will be {yped for phlebotomy to insure
bleeding only compatible donors during the trial period.
Five bloods a night will be tuken.

Types of Cases:

For the present the "bank"” will not be a full
functioning purt of the hospltal service, The cases must
be elective 80 that the stuiies msy be complete and accurate.
tmergencies 4o not permit such studicy hence are to be kept
2t 2 minimum. The right %o select cases is reserved by
the "bank".

Routine Procedure:

I. To make appointments for donors, the house staff
should get in touch with Lilss Stoddart, Extensi on 7489, or
i 88 Sargent, iExtension 7045; or a requisition should be
left in L~-43 with the (1) name, {2) diagnosis, (3) blood
group of the intended reciplent, (4) ward, anéd (9) possible
nuxber of donors.

If the appoinbtments are not filled for the next

"bank night", the dcnors may then be notified by the ward
staff of the time to come into the clinic.
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II. Teo obtain blood from the "bank", the ward must
have m:de a deposit or incur a debit which must be made
up by sending in sdditicnal donors. Such blood may be
obtained from lilss Stoddart or the physician in charge
by presenting & requisition on Form #-40 completely made
out with type and amount of blood desired, age, dimgnosis,
race of patient, etc.. Blood from ithe intended recipient
should be in the bacteriology laboratory on the morning
of the intended transfusion for eross matehing., It would
facilitate the experimentul work to have all "blood bank”
transfusions sturted at 2:00 F.i.

Aeactions:
any reactions in the form of rise in temperature,
¢hill, nsusea, vomiting, urtiesris, dhock or convulsion
should be reporied by the ward staff to the "blood bank”
staflfl,
To run this experiment with any modicum of success
we shali need and, therefore, earnestly ask for the cooperation

and good will of ths uttending physicians, the resident staff
Bnd HUrses.

Sdincerely yours,

De €. Bull

d. Seudder

Ce He Drew
2. Fersonnel

The staff at the opening, including those sho were %o

carry on lsborutory procedures us well as those concerned
with the sctual mechanics of running the bank, was composed

of the following:

Full=-time nurse Miss Helen Stoddart
rart-time nurse #iss harparet Barnetd
Chemist Hiss Alizabeth Tuthill

Labvorutory technicisan #iss ihunice Thoapson



Laboratory techniclan r, Josiah Lasell
Research part-time chemist Dr. wmargaret B. Smith
iart-time secretary Hrs. aurgaret Nelson
Nurses sid drs. Thelmas Owens
sJecretary kilss kary oargent

In warch, 1lv4U, ¥rs. darths HoKenns was added as a
second nurses aid so that the unit could funetion for
sixteen hours a day., Mrs. [enore Drew filled in for Mrs.
Nelson who volunterily left because of increesed howe dutles,
anG Dr, Kingsley Bishop to aid in the investigstions on

plasma.

S nealth Depertment Acpulztions

7¢ operate & "blood bengk” In the stete of HNew York and
in New York City, eertzin regulations had toc be complied with
in accordance with section 1CE of the Senltary Code as
amended on “areh l4, 1Eiv.

The rules governing lho examinstion of donors, the
collection snd testing of bloods for storapge, and the keep ing
of records were incorperstec into the routine of the Ires-

byterian ucspital Blood Iank.

4o The Typing of Bloods
The vast majority of all fatel asccidents relsted to

thie practice of transfusions have been due to mnisteakes in



grouping or cross-matching (98,. 359, 385, 406, 411).

To obviate the possibility of error in this regard,
it was decided to group the donor by the finger tip alide
method (80) before the blood was drawn from the donor.

a sample of venous blood 1s slso sent to the luboratory

to have the grouplng checked and st the time of transfusion
the donor's cells and serum are cross-mutohed against the
serum and cells of the recipient. This triple check is felt
essential to complete safety.

when intragroup reactions are suspected, an additional
check 1s advised in the form of the following test (405):

Two small tubes are used. Tubs (1): Two drops of
the patient's serum are mixed with one drop of donor's cell
suspension, Tube (2): Two drops of the patient's serum
are mixed with one drop of the patient's cell suspension.

The tubes are putl in ice water for five minutes, then centri-
fuged while still cold. The tubes are gently shaken and read
both mmeroscopleally and microscopically.

Heuding: (1) If neither tube shows climpling, the donor
is compatible. (&) If both show resction, an auto~-agglutinin
is probubly present, and providing the bloods are of the
same grow , the donor can be used without danger. (3} If tube
(1) shows agglutination ané tube (2) docs not, the donor is
incounpatible.,

In the presence of autoagglutination it is alweys wise
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to inject 20 e¢c. of the blood, walt twenty minutes for
possible resctions snd then proceed slowly with the trans-

fusion.

5. Routine and bxperimentsl Proocedurss

when the donor presents himself to the secretary and
host at the bloodé bank, his name , address, sex, color and
other information of a statistical nsture are recorded on
a form ané his serisal number is assigned, then his blood
group 1s determined and & complete rhysical examination
performed before the phlebotomy is done with a number 13
Lewlisohn needle, after novocain local «s ansesthesia, and
8 small nick in the skin with a number 11 scalpel to pre-
vent carrying skin lnto the tissues.

The experimental procedures, the clinicel follow up,
and the hospltal relesse are reccrded on one form. 3uch
a form is included here,

w“any Ltypes of containers have been used, rigorous
care is taken in the preparation of alil &pp&ratus, cach
patiantiis followed alter transfuston, the temperature
being taken each hour for six hours then every four hours
| for twenty~-four hours, all subjective us well as objective
changes being recorded by scome member of the blood bank staflf

after personal inspection of the patient. In this way many

small urticarisl whelps, slight rashes and mild subjective
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changes have been recorded which otherwise would have
been missed.
No great deta il of the technigue and investigsations

will be attempted 1t this time,



BABIES HOSPITAL

INSTITUTE OF OPHTHALMOLOGY
NEUROLOG!ICAL INSTITUTE
PRESBYTERIAN HOSPITAL
SLOANE HOSPITAL FOR WOMEN
VANDERBILT CLINIC

Name
Address
Age Sex
Group Kline
Pulse
[ Syphilis
Malaria
Allergy

History of { Polyomyelitis
Scarlet Fever
Measles

. Septicaemia

Skin
Mouth
Pharynx
Heart
Lungs
Abdomen
Liver
Spleen
Rectum

Genitalia

Lymph Nodes

ASSOCIATED WITH
NEW YORK STATE PSYCHIATRIC INSTITUTE

History and Physical Examination COLUMBIA UNIVERSITY COLLEGE OF PHYSICIANS & SURGI

COLUMBIA UNIVERSITY SCHOOL OF DENTAL & ORAL SURC

UNDERLINE INSTITUTION USING FORM

Date
Serial Number
Color
Last Meal
Temperature R. B.P.
Before
After

Evidence of Heart Disease, Hyperthyroidism, Allergy, Tuberculosis, Venereal or other com-
~ municable diseases. Infection of teeth or gums with supperative lesions. Drug addiction.

I release and forever discharge

M.D.

Hospital Release

(Institution)

and such surgeons and physicians and their successors from all claims and demands what-
soever which I, my heirs, executors or administrators have or may have against it or its
successors by reason of the giving of blood for transfusion to which I have submitted or
am about to submit, and any consequences resulting directly or indirectly therefrom.

IN WITNESS WHEREOF I have hereunto set my hand and seal this

19

day of

In the presence of:

b

(Seal)




Donor Recipient

Serial Number Serial Number Unit
Name Name Age
Date - Date
[ 1 Immediate Group
Group{ 2 Check Age of Blood
| 3 Crossmatch Diagnosis
Wassermann Amount of Blood Given
R.B.C. 1. R.B.C. 1L 3.
W.B.C. 1. 2 4,
Differential 1. W.B.C. 1 3.
Hb. 1. 2 4,
Hem. 1. Differential
W.B. Sp. Gr.
Pl Sp. Gr.
Pl1. Proteins
Container
Amount of Blood Taken Hb. ; 3
Anticoagulant Platelets 1 3 _°
Intended Recipient 9 4
Relation of Don. to Rec. Henm. 1 3.
Hemolysis in Sample Given 5 4
PLK. 1 2. Pl Sp. Gr. 1. 3.
PL.Na 1. 2. 7. 4,
Culture Pl. Proteins 1 3.
Blood Used 2 4.
PH of Bleod 1. 2. W.B.K. 1 3
Reaction of Donor to Phlebotomy 9 4.
Other Investigations Pl K. 1 3.
2 4.
Cell K 1. 3.
2. 4,
Oscillograph Tracing
Visual
Film
Course on preceding days
Febrile
Afebrile
Temperature immediately before transfusion
Reaction
Jaundice  Hematuria Temp. alone
Rash Hemoglobinuria Temp. with chill.
Shock Petechiae Chilliness without
Nausea Vomiting temperature
Convulsion Back pain

Remarks
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CHaFTER V

Fart III
Donor Statistics

These statistics are based on the first four hundred
aceceptsble donars, beginning sugust 9, 193%, to Februsry
25, 1940,

The vast majority were relutives or friends of the
patients for whom they came in, or at least friends of
g friend of the patient,

"he data 1s presented in table 38,
Plscussion

Approximately ten per cent of sll donors have been
re jected becsuse of physieazl unf itness, past history of
communicable diseuse, or physiecal findings suggesting
communicable disease, The blood of approximately 1.8 per
cent of the donors accepted had positive ‘assermann tests

and were re jected.
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Table 38
Donor Statistics

Grouping rumber Per Cent
400
Sex
Fepales 25 65.24
Males 375 93.76
Ages
0ldest &8
Youngeat 15
Average 34,8
Groups
01X 185 48,7
AIX 122 36,5
B ITI 78 18.0
AB IV 11 £.7
Color
White 328 8:s,.0
Colored 71 17.7
Yellow 1 2

kKeletion of donor te
sventual recipient

keletive 32 8.0
¥riends 1l 2
Strangers $1.8
Wagsermann 1.8

Rejected 10.0
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CHAFPTIR ¥V
Fart 1V

Recipient sStatisties

Stutistics for the reciplients are based on the [irst
four hundred transfusions. These were given between .ugust
10, 1859, and February 27, 1940, and were divided into groups

a8 follows:

01 49,9 per cent
a4 II 32.1 per cent
B IIX 15,2 per cent
AB IV £.8 per cent

These four hundred transfusions were given to three
hundred and forty-three patients. The fifty-seven patients
having two or more transfusionssgcounted for cne hundred
and thirty~five of the total. The largest number to any
inéividual was sixteen. 7This man had s large echinococecus
cyst ol the liver removed and continued to bleed, His life
we: saved on st least two occasions by the speed with which
he was transfused during severe hemorrhasge but he finally

suec cumbed.,

Indiocations For Transfusion
‘ihe indications for transfusion are divided into six

main categories.
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(1) Hemworrhage, due chizfly to ectoplic pregnancies,
accidents, operations or peptic ulcers.

(2} secondary anemia. The bulk of these transfusions
were for obstetrical cases, chronic noninflammatory disease
on the medicul wards, or preoperative patients on the
surgical wards.

{3} Blood dyscrasias. Included here asre the leukemias,
purpuras, agranulocytic angina, splastic anemias and ery-
throblastic anemias.,

(4] Frophylactic or therapeutic transfusion in the
operaving thestre, The vast majority of the cases were
transfused during the course of the opsration or given
blooc beceuse of an inei plent fall in the blood pressure.
~ few were for shock or hemorrhuge.

(8} Infection with secondary anemia. Thls group
contains the septicaemias, chronic abscesses, cases of
peritonitis and empyema,

{6) anemis eand hyproteinemis. Here transfusions were
used as a source of nutrition in treziing the cschexis
assoclated with curcinernatosis, chronic nephritias or

chronic gastro-intestinal lesions.
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Table 39

The distribution of the types was as follows:

Ind fcat ions Number Per Cent
Hemorrhage _ 24 6.0
secondary anemia 87 14.2
Blood Dyscrasias 25 6.2
Operations 81 20.2
Infect ion and snemia 142 35.5
anemia in Hypoprotenemisa 71 17.7
Total 400 99.8

Transfusion 3ets

The bloods on which studies were made were given in
sets prepared by the blood bank staff, in the presence of
or given by some member cof the unit and followed up by
the same individual.

Kost of the transfusions given in the operating room
were given, after preliminary straining, with the operating
room sets. When the bank became more active and all bloods
could not be given by the bank staff, the bloods were signed
for by the interne ami given with ward sets.

The distribution of sets used was as follows:



-220~

sets Used Number
Blood Bank 219
vard 111
Operating Hoom 30
Baxter 40
Total 400
sSummary

Fercentage

54.7
a7.7

7.8
10.0

W ——

99.9

cstatistics concerning the first four hundred recipients

of banked blood are reviewed.
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CHAFTER V
Part V

Reactions

There were sixty reactions in the first four hundred
transfusions, fifteen per cent.

There were no fatal accidents, no hemolytic crises,
no prolonged rises in temperature and only six ceses wh ich
did not show clinical improvemeat in the blood picture
Tollowing transfusion.

The highest rise in temperature was 4° F, the average
rise in those cases waich had fever 1.5°F,

There was one accident, & coronary thrombosis in a
man of 65 with advanced heart disease, carcinoma of the
bladder and a purulent draining fistula from the bladder
through the abdominal wall, Twenty minutes after a trans-
fusion of 400 e¢c. of bléod he felt suddenly faint, with a
feeling of great welght on his chest; very little pain. His
pulse dropped to forty per minute, and an electrocardogram
taken five minutes after the onset of difficulty showed a

complete heart block. .He recovered.
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Table 40
Reactions according to Type
Number
l. Hise in temperature alone 25
2. Chilliness alone 8
3. Chilliness with rise in tempersture 7
4. Chill with rise in temperature 5}

5. Urticaria 10

6. Juundice 4

7. Coronary A
Total ‘ 80

Fer cent

6.2

2.0

1.7

1.3

2.5

1.0
15
14.85%

“he putients whe showed & rise in temperature slone

without other subjective or objective signs may be further

divided as follows:

Temperature ﬂié@ Per cent
l - 3 4.80
£ -3 1.23
I 0.77
Table 41

Reactions .cecording to Blood Groups

Group No. Fer cent
G I 26 43.3
A 1T 16 6.7
oI 13 £1.7
B IV _5 8.3
60 100.0
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Urticaria

In six of the ten patients who had urticarial spotis or
wheals, there was a definite history of previcus al lergic
manifestations, due chiefly to one or several articles of
food. None w.s severe, most would have been misced entirely
if they had not been looked for. In only one case was there

troublesome itching.

Jaund ice

The cases vhich hsd jaundice were glven bloods nine,
twelve, fourteen and elighteen days old. In three, there
was no rise in temperature. In one & rise of 0.8° one hour
after the transfusion; the Jaundice developed the next day.
In euch case 1t qulckly disappeared. The seversst case had

& scrum bilirubin level of 3.7 mg. per cent.

Relation of neactions to Febrile Course

The most striking observation in this study is the
very close assoclation of reactions in the form of chillness,
chills snd rise in temperature to a pre-existant febrile state.
In 75.3 per cent of the sixty patients who had reactions of
this type following tr&nafuat&g: the temperature had not been
conatantly normal for the three preceding days. If the cases
which showed urticaris and Jjaundice, the fomer due, it is
felt, to food hyperscnaitiveness, the latter to destruotion

of old cells, are deleted over ninety per cent of the patients
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showing febrile reactions were running febrile courscs

before the transfusion,

A volatile toxic substance in the blood of

donors who faint?

The two wa st resctions seen during this period of
study followed the transfusi on of fresh citrated blood
taken from donors who fauinted during the phlebotomy. The
transfusi on was stopped in one patiént snd after an hour
was started sgain., The temperature had shot guickly to
108° following a severe chill after the introduction of
about 100 cc. of blood. when the sume blood wes re-injected
from the same flssk, there was no reaction., This suggests
that there is & volatile toxic substance thrown into the
circulation of a person who faints which is capable of
causing a reaction in 4 recipient if the transfusiocn 1is
carried out at once, but which disappears if the blood 1s

allowed to stand for a while,

g;aﬁma Transfus ions

The cxperience of this clinic is limited «t the present
time in the use of piasma transfusions. The few tried have
worked well and there have been no reactions, 4»ll plasma
is being removed from benked blood on the seventh day with

the purpose of investigating its properties further.
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sSunmea ry

In four hundred transfusions there were sixty reactions,
all but forty reletively mild, for a resction rate of fifteen
ver cent. The striking relation between the post-transfusion
febrile reaction and the pre-transfusion febrile course is
the most dominant finding. Persons hypersensitive to individusl
articles of diet are likely to develop urticaris if the
blood contalins the substance to which the putient is sllergiec.

Jaund ice is likely to supervene when blood older than
nine days old is used.

The reactions by groups parallel fairly closely the
distribut ion of the bloods used; in this series there was
some preponderahca of reszcticns in group ..B IV when ocon-

& dered Iin terms of ithe number used,
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Yarv VI

Cellular and Frotein Changes in RHecipients

Following Transfusion

(L) Nomel Values

at the onset of investigutions hematocrits, plasma

specific gravities anu plasme proteins were done on forty-

eight male donors and ten fems les, flesms, whole blood

and caleculated cell potussium contents were determined on

fifty-one. Sodium vulues were estublished on ten snd

ammonis waluss on ten. The results were as follows:

Nomal Values

Cell Volume by Hematocrit

itale 47.1 per cent
Femn le . 43,2 per cent
Flasma specific Cravit 1.0275
Flasma Protein - 7.02 Cm. per
rlasma Fotassium 17.2 me. per
whole Blood rotaussiun 196.0 mge. per
Calculated cell potassium 4GLl.5 HE. per
Flusma ~odium 322.8 mg. per
Plasms .mmonlisa
in air .08 mg. per
in carbon dlouxide 0.0l mg. per

{2) iffect of Transfusion of rFreserved Blood on the

Blood Cells Counts und hemoglobin {ontent of the

secipients,

HAed

cent
cent
cent

cent
cent

cent
cent



There were one hundred and eight complete studies
including counts before transfusion, in twenty-five cuases
immediﬁtely after transfusion, in eighty-three cases one
hour aftcer transfusion snd in all one hundred and eight
after twenty-four hours. In sddition forty-one follow-
ups included checks at the end of ané'week}but 80 meny
factors plsyed a part in the chunged cell counts after so
long & period that theresults were not amensble to inter-
pretation, there’ore are not incl uded.

The results are as follows:

Teble 4F

Increase in Lempglobin after 30C¢ ce. Transfusion

Humber after 24 Hours after
25* 10.0% 11.04%
B3** 7.5% 6.0%
10 tal 108 530 l;b’ '? ng;:
Table 45‘

Increase in Hed Cell Count after 500 co. Transfusion

25” 6.3% 8.5@
8&** 7.77& 6‘2}‘;
Jotal 108 7ehp 8.6%

In only six ceses wes there & fallure to show an in-
creased count, five of these were in cuzes where the count
wng approximstely 5,000,000 before transfusion,

¥ Trken lummedistely alfter transfusion.
** Taken one hour aflter transfusion.
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Table 44

selutlon of Lilse In Ked Cell Count to the [egree of .nemis
after 80U ce. Transfusion

nunge 1 hour £4 hours
{in miliions]
l.4 -~ 2.0 3240 5 27.0 4
Zel - 3.0 2.5 12.2 %
el = 4.0 7e6 % 7.9
4.1 - 5.0 “1.0 % “l.4
Table 45

Helztion of'&ge of Blood tc Therupeutic Efficacy”®

~ge of Blood rercentage Rise In kK, B. C.
in Days Counts 2,1 - 3.0 Counts 3.1 -~ 4.0
wtat £4 hours ~stat 24 hours

1 12,7 12,7 10.0 8.0
g ‘ 15.0 1$.0 10.0 10.0
3 13.0 15.0 10.0 10.0
4 ' 20,0 20.0 11.0 11.0
5 and 6 8.0 13.0 6.0 6.0
7 ana 8 12.0 7.0 12,0 15.0

12 13.0 6.6 5.0 5.0 -

* There were too few transfusions given to patients with
red cell counts less than 2,000,000, «nd over 4,000,000 to
make the results of comparisons in this manner significant,
Only the groups between 2,000,000 and 4,000,000, which formed

the bulk of the transfusions are tabulated,
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(3) The White Blood Cells showed an aveiege of 5,9 per
cent increuge inmmediztely after transfusion, & loss of
8.8 per cent in twenty-four hours. The resulis were un-
predictable.
Table 46

Effect of Transfusd on of 500 e¢ec. of Blood

on Cell Volume as Measured by the lematoerit,

and ilasma Proteins ss Caleulated from the

Plasme Specific Gravity.

_thter
RNumber Before stat £4 hours 1l week
Cell Volume ils - 30.8 5542 33.2 34.4* per cent
Frotein 116 8.22 6.33 6.30 6.47 gm. per

cant

This represents a 7.& per cent increase in cell volume
vhen the determination was done with in an hour of the end
of the transfusion and the incresse wus sustained at the
end of twenty-four hours. The cells in the blood of fifty-
geven® of these putients at the end of s week showed z2n 1l.7
per cent increase over the initial w lume. The figures com-
pare very closely with the observed 7.4 per cent increase

in red clood cell count immedistely after transfusion.
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Discussion

There 1s an average increase In the red cell count,
hemoglobin concentration aend cel 1l volume imanediately after
transfusion with preserved blood which approasches theoretiocal
expectancy and at the end of twenty-four hours the inecresase
is maintained at a level approximately 1.5 per cent higher
then the initial values for easch 100 cc., of blood transfused.
when the blood 18 over seven or eight days old, there is &
slight tendency for the values to drop on the second day
which suggests that such blood is destroyed at a rate greater
than that of bloods up to one week old. This fact gives a
real criterion for establishing the age at which the red
cells begin to give less than their optimum therapeutic re-
sult. This, 1t seems, therefore, would be the i1desl i inme
to remove the plasme. The percentage rise varles tremendously
with the degree of anemia, belng greatest in the severest foras.

‘he white cell response is so varisble that no con-
clusions can be reached. In approximately one-half ol the
cases the counts went up, in the other hslf, down; the re-
sultant, however, showing & positive balance immediately
after transfusion. In twenty-four aours the white cell count
i1s delfinitely lower when the whole series 1s considered. This
fact must be interpreted in the light of the fact that 70 per

cent o! the patients were febrile at the time of transfusion.
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The increment for proteins was very smsll., 3%ith the
values established here as a basis of therapy, it re-
quires at leas 2,000 cc., of blood to raise the plasma

protein one gram.
summery

There is & definite rise in red cell count, hemo-
globin content and cell velume equivelent to better than
one per cent for each 100 ce¢. of blood used over the’
whole range of anemias, <The increase may reach seven
per cent per 100 cc. in persons with severe anemia and
may show no rise in persons whose blood counts are ap proxi-
mately normel.

Chenges in white cell count are indeterminate.

“0 ralse plasma proteins one gram approximately

2,000 ce. of blood are recuired.
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CHarTIR V
part VII

rotassium and oGodium Thanges at the Time of
Transfusion in Bloods Stored in Various

Types of Conteiners

rreservation of Blood

To test the wvalildity of the hypothesis presented at
the coneclusion of the series of Lthe cxperiments in Chapter
IV, Fart VI, bottles were blown embodaying thie primciple of
g narrow wsist at the level interfoce between the cclls and
pissms , and used for the storage of bloou. &t the same time,
bottles of other types (figures 19 and 20) were used znd the
chunges in the rates of sodium anc potassiux recorded for
each type for different periods of storage.

This work is still incomplete but certain results have

been noted up to this time,
Method

¥ive types of containers were used o collect blood from
voluntsry donors in the Blood Bank (see figure 20).

(1) The Baxter 500 ec. Trensfuso-vac with rubber stopper.
This bottle has a diameter of 1l cm. outside measurement and
contains 70 cc. of £.5 per cent sodium citrate under =26 mm.

of water vacuum snd 500 ce. of blood.
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(2) The Baxter 1l00C cc. Transfuso-vac with rubber st opper.
similar to (1) except thet it contains 105 cc. of 2.5 per cent
sodium eitrate, 800 ce. of tlood.

{3) Narrow-walsted "dumbell” bottles, with ground glass
stopper, devised to diminish interface urea. Diameter of
narrow pgortion 35,30 cm.. Lbach bottls holds 450 cc. of blood
and 50 cc. of 4.5 per cent sodium citrate (Nazc H:.0, 5 1/2 H,0).

(4¢) #wide mouthed 1000 ce. Jjar with Bakelite cap. Dismeter
¢ em., Contains 50 ce. of 4.0 sodiur cltrete ana 550 cc., of
blood.

{8) wide mouthed 50U cc. Jar with Bakellite cap.. Diameter
7.7 cui; fillea to the top, it contains 50 ce., of 3.5 per cent
socium citrate and 480 cc. of blood.

ihe number of Baxter flasks studied i3 toc small ti
include in the table, twenty~five in 211, 7The results in
these [lasks were much less uniform and geve a range of values
as follows:

In the 1000 ce. Baxter Transfuso-vac, the results expressed
s milligrams per cent of plasms potassium ranged [row 55.4
on the second day to 11C on the twelfth, but there wes a rise
to 182 on the fifth day gnd 250 on the seventh. The results
were very verlable.

In the 500 cc. Baxter Tpansfuso-vacs, the range wus
from 256.6 on the first dey to 236 on the eleventh day with

@ fairly constant curve of progression,
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For simplicity only the numbers for the "dumbell" flasks
and the wide mouthed Jars ure used Iin the table,

all of these bloods were collected by breuking the
stream at the adaplor to the needle as 1t lay in the vein.
hach had been thoroughly mikeé pefore starting thetrans-
fusions. Jt is impossible, therefore, to be sure thet each
bloo:e recelved exactly the same smusount of shaking or wus
hancled in exaseily the same manner eflter i1 Lad been removed
from the refrigerator. #Zvery ettempt wss mede to keep the
technique uniform throughout. This is certain: the figures
reported here represent the quantities of potassium and
30C¢ 1w that sctually went into the patient with the trans-
fusion. 4 totsl of one huadred and thirty-one studies were
made. Lach study included potassium and sodium determinations.,
Zince only twelve were done on bloods older than ten days,
in the table the extreme wvalue found between the tenth and
twenty-=rirst dey is recorded. Zach figure represente the

-~

averuge of ut least two bloods of the same ape, nost values
are the mesn ¢ thrse or more deterninations,

The results are tabulsted in table 47.
Piscussion

The largest amount of potaussium given any petient as

plasme potassium in tials series wus 0.7 grams., For a 50



Table 47
Potassiuz and Sodium Chernges in
(2) "Dumbell®™ Flesxs, (4) 1000 Ce. Jars, snd (3) 500 ec. Jars

hge in Pleseme Potessiug in Millisrsma Per Cent Pleg s Sodium in ¥illigrams Per Cent
DRy Coptainer Humber Container Humber
3 4 5 3 4 5
1 28.3 28.7 £7.7 379.0 369.1 378.8
2 49.4 49,0 83.7 364.0 361.23 358.0
3 71.9 87.3 59.8 353.5 342.7 353.0
4 79.1 76.4 9%.2 35C.7 337.4 342.0
5 87.7 85.8 96.5 345.9 337.0 338.2
8 B7.86 86.6 111.0 340.0 338.9 322.8
7 108.0 10z2.8 110.¢C 342.1 336.5 328.5
8 101.0 89.9 128.0 341.0 342.8 333.7
9 109.5 103.7 117.0 354.0 335.5 327.1
10 - 105.0 139.0 - 338.1 318.6
Extrene

10 - 21 130.0 141.0 151.0 328.5 314.1 316.8

-vyea-
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A NEW TYPE OF FLASK DESIGNED TO GIVE THE
MINIMAL PRACTICAL DIAMETER OF THE INTER-
FACE BETWEEN THE CELLS AND PLASMA

Figure 19

Approximate dimensions: Height 22 cm. Base
width 12 cm. Neck and weist 3.5 cm. Width
of top bulb 9 cm. Capacity: Top 230 cc.

Narrow waist 70 ce. Bottom 300 cc. Total
600 cc.




éONTAINERS USED IN THE EXPERIMENTAL BLOOD BARK

FIGURE 20

Top row, left to right (1) smell Baxter Transfuso-vac,
(2) large Baxter Transfuso-vac, (3) "Dumbell™ flask,
(4) wide mouthed 1000 cc. Jar, (5) wide mouthed 500 cec.
Rottom row, (1) 500 cc. Erlemmeyer flask, (2) 750 cc.
Erlenmeyer, (3) 1000 cc. Erlenmeyer, (4) 1000 cc.
Florence flask, (5) 750 cc. Florence, (6) 500 cc.
Florence.
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kilogram im'n this represents on 0,014 grsms per kilogram.
In previous cxperiments (Chuptcyr IV, Iart III) i1t has been
ghown thet 1t required svproximstely C.140 grams per kilo-
gram v effect & fetal issue in a dog when given ot the speed
of & human transfusbn. If the metal has the seme degree of
toxicity for pman and dog, there was in thie case, the worst
of the lot, only one-tenth of a fetul dose; l.e., & ninety
per cent mergin of sefevy.

This figure evprosches the fotal potessium content
of 5C0 cc. of bLlood, “hole blocd contuins on an sversage
Z00 mg. per cent of 1.0 gram for LOC co..

karenzi (276, has established the fuet thet 20 milligrams
per kilograwm body welght in 4 dog may cuuse death 1f injected
within nilnety seconds, 1 not fatal at once, the values
approaci: normal in two minutes., The amount of potsssium in
800 c¢. of nlooa, 1.0 gram, if injected inte o man of fifty
kilograns at such speed wsould theoretically be capable of
produc ing death.

it seems very doubtful thset suoh & thing could happen in
man, even in a hemolytic erisis, and lurger transfusi ons by
the very nature of the mechanies of infusion would re quire
comsiderzoly longer periods of time. The unknown factor in
every cuse, houwever, is the =sbility of the sick o ganism to
cope with even susll amcunts of u toxic substance,

Contrary to sll expectetions the lowest plasma potassium
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values on each day throughout the whole series were found
in the large 1000 cc. wide mouthed open Jars, slmost equally
s £00d were the voluces found in the dumbell shaped Jars; in
g roor third position the BOC cec. wide mouthed open bottle,
the 1000 ce. Baxter in fourth place snd the 300 ec., Bzxter
Transfuso~vans 1in last,
In previous experiments (Shepter ¥, Parts I and VI) 1t
hae been olearly zhowsn thet the rate of diffusion 1n the narrow
walsted contelners isnarkedly sreeter than in the large

dirnetered asgtyiners vhen both are left at rest in the ice

box. These results show thet the ch:nges are golng on in the
eells at =n ecual rate but the ¢ iffusion {8 less in the narrow
tube; the undisturbed plasmo remsins, therefore, in much betier
conédition, but, when the blood is thoroughly mizes, the values
approcch one snother, It is worth notins, slso, that in the
case 0of the lerge Jor less trasuma is undergone by the cells

in mixing for traznsfusion then in the smsll Jsr filled right
to the top or in the dumbell shaped flask with the two sets

of gcurves, .applyling this hypothesis to the hieh value s found
in the Tronsfuso-vece conteiners, three sources of additional
truume present themselves, They sre: (1) The force with vhich
the blood is drawn into the bottle from the donor; (2) The
rlass tyBe which extends from the rubber stopper to the

bottom of the fl-.sks ag an air inteke when the bottle is

inverted, which may serve in sxactly the same mmnner &8s a
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rod for deflbrinating vlood at the time the plasma and
¢ells are mized for use; zne (3) The cells m:y become more
fragile when stored in u vacuum. There is & clash of two
concepts ag the result of the sbove experiments. The first
is: with no air spuce w«uove the blood in the container,
on movement there is no roow for splashing, therefore, trauma
i less and the cells zre betlter preserved; the second is:
if there 4s no uir space, 1t requires mors vigorous effort
to mix the blcods ot the time they are given and sny acvantege
gained is lost at the last noment.

wince the best procedure to follow in any bonk is to
remove the plesmu at the end of o week, the choice of m@thod
¢f storage end type of container uzed would seem to be that
one which best preserved the plasms for this length of time.
i1t wus spouwn in Chspter IV, Part AV that plesme in the narrow
welsted dunbell shaped flasks st rest at the end ¢of four mo:ths
ey show potassium chunges no greater than those found in the
contuiners wi th wide interface ureas after Tifteen to twenty
duys.

ihe full or the sodiwn values is ip aluost every case
inversely proportionsl to the rise in potesesium. Undoubtedly,
&s the cell mexbrane of the red blood corpuscle undergoes
chungesuhilch allow cations inside to come out, it loses the

ablility to keep the cavicns outside from coming in. as the



bloods become older the membrane loses its vital, se~
lective powers and acts more and more as a siuple semi-

permeable membrane,
Conclusions

l, ¥or prolonged storzge of blood, the best oo nte iner
condition. » contuiner embodying princples which
accomplish this to & degree grester than any in use
at the present time is presented. This type of con-
tainer {s particulurly serviceable when removal of
the plasme is contempluted for use in plasmua trans-
fusions, |

£. Insofar as the changes in electrolytes are concerned,
the large wi de mouthed preserving Jar is as effective
a means as any in storing bloods for early use. It has,
however, the disasdvantages of being the easiest to con-
taminate, 1s not adeptable to the usual ¢losed system of
withdrawsl znd is unsuit«ble as a contuiner in a plan
which contemplates the removal of the plasma at sone
period after a week,

3. The small 500 cc. wide mouthed jar, filled to the very
top is unsuitable,

4. The 'Transfuso-vac” system is the easiest to use for
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withdrawal of blood, freest from possible contsmination

and the simplest to use in giving &« transfusion. The

cell changes which go on, however, are more rapld and extend
over the widest range of any of the conta iners tested so

far. 7This raises the gues lon of keeping cells, whose natural
environment is one of considerable pressurec, in a vacuum, al:=o
the gueastion of traume to the cells as they are sguirted
aguinst the bottom of the flask with considerable force ¢t

the time of tuking.

5. In a series of one hundred and thirty-one transfusions,

the highest plasma potassium value observea, 236 milligrums per
cent. ‘This means that 0.7 grams of free plesma potassium

were introduced into the patient who received th-t blood. It
is equivalent to C0.014 grem per kilogrsm in & 50 kilogram

man, If animel experiments give comparable results it would
require roughly 2,500 ¢c. of blood st this stage of deterioration,
given at o fairly rapild rate, to =zp proach real toxic levels as
a result of the potassium content.

6. The rate at which sodium decresses is approximately pro-
porticnal to the rate at which the pot&fﬁium increasses. In

the "dumbell” flask there was a differcnce of 26 millieculvu-
lents between the highest and lowest potassium values and a
difference of 22 millieguivalents between the highest =nd lawest

80d ium veslues in this loosely constructed clinical expe fment.
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There seems no plsce th:zt the sodium in such guantities
could have gone except into the cells, hence the rate of
s0d fum loss becomes almost as accurste index of the change
in red blood cell membrane as the pot assium increase.

“he answer to the problem of storing blood seems to
lie in finding somemethod of mslntaining the vital, se-

lective properties of the cell membrane,
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CHAPTER V
Part VIII

The Relotion of Plasms Poteasium Levels
in Reciplents Blood to Resctlons

This series of experimentsl studies was bezun Le-
cause 1t was felt that in the high potssesium content of
blood which hed been preserved over considerable perlods
of time, there might be found & part of the sclution to
gome of the unexplalned csatastrophes and resctions inelident

to blood tranasfusions.

rocedurs

Recorded here are observsations on seventy-alx patients.
Bloods were obtelned for snslysis of thelr plasus potassium
content ln each cese before the transfusion wes glven. 1In
fifty-eight ceses there wes uo resction of eny ¥ind. In
thirty-four, bhloods were secured for potassium determinstions
from & vein of the srm opposite the vne ln which the trens-
ruslon was being given, lust 23 the trensfuslion ended. In
twenty-rour caues, blood wes collected for exaxnination one
hour efter the transfusion ended.

In eighteen ceses & rescticn wes noted within two hours
of the end of the transfusion. Bloods were collected during
the chill or during the time when the temperature wes elevated
in order to compare the levels belfore and sfter trensfusion

in these patlents with the levels found in the patients who



had no resotlionsg. The results are shown in table 48,

Table 48

Resctions 1in Relstion to Plesme Potassium Content

Kesction Number Potesegium ez Willigrams FPer Cent
Before Immediately One Hour
After After
no 34 5.47 18.08€
noe 24 168,37 18.9
{Avers.e)
no o8 15.8 18.3
yes _18 18,5 16.4
Totsl 76 18.0 18,58
Discussion

In practicslly every cmse without resotion, there was
8 slight rise in the level sfter trensfusion. In quite a
number of those cases where there wasd a definite reaction,
there was e slizht fell.,

There wers zo hemolvtic reactions, none of marked
severity.

Conclusion

There was no relation between the level of plesume

potassium of seventy-six pstients trensfused ¥with preserved

blood and the occurrence ol reactions.
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CHAPTER V
Pert IX

Summnary of Clinlcal Observations
and Recommendstions

There i3 adeguste response to transfusions of pree-
served blood ss indicseted by increrses in red cell
count, hemoglobin, cell volume, =nd protein content,
When bloods have been gtored for more than a week,
there 13 a tendency for some of the incresase to be

lozt in the following dey.

It 18 supggested, therefore, that in so far as the red
cell gquallty is concerned, bloods mey be stored s week,
then used for trensfusgion with the expectancy of maxlwmum
response. After this time it 18 advised that the plassa
be removed from the cells end stored in ssline for

future use,

The white cell response is so varleable that no conclus-

ions ocan be drewn., It hes been established thet leucoeytes

disintegrate repidly end perl passu with their diseppear-

ence there 18 loss of hemobactericidal power.

It is sugeested, therefore, thet when bloods sre re-
qulired because of their possible antibedy content and

immunologlicel properties, that fresh blood be used or
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et least blood stored for forty-eight hours or less.

¥hile platelets do not disappesr entirely end apparently

do not reach ineffectusl levels for az periocd of at leest

ilfteen days, the number 18 grestly dimlinished.

It 18 suggested, therefore, that petients suffering
from dlisesses asscclated with thromboeytopenia be
transfused with fresh or relatively fresh blood when

possible.

The prothrombin content of preserved blood, while
diminished, remsing et effective levels sas long es
the blood 1s adjudged sulteble by other criteria. It
is, therefore, useful therapeuticelly in czaes of

hemorrhage due to prothrombin deficliency.

Blood stored over long periods greduaslly becowes more
toxlc a8 a result of the increase of potassium in the
plesma, Certaln contraindicaticns have been outlined
in chepter IV to insure safety from this potential

gource of trouble.

HBlood teken in an stmosphere of carbon dioxide reteins
electrolyte balance more completely, therefore insures
longer 1ife snd vitality of the cells. It would seem

8 wise procedure to collect sll bloods for atorage in
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an atuosphere of carbon dloxide.

Glucose sdded tc the pregervative definitely prevents
hemolysis, meintsing the pH at s level neasr that of

neutral and lengthens the life of the cells.

The best preservetive at presept would seem to be an

isotonle cltrate~ssline-gluccse solution.

Bloods sre kept hetter when the interface hetween the

celis and the plasms is kept st & minimum. A flask

hss been designed to effect thls improvement. It should

be mede & pert of the routine equlpment c¢f the hospltal,

Banked blood 18 sefe when its limltations sre known.
The advantese of heving ready for Instant use bloods

of all types {8 obvious.

The bleod beank should become & part of the hospitel

service.

A bloocd bank to functlon well should heve ell of its
sotivities centered in cne place so thst blood might

be taken, tested, stored, and dispersed with the grestest
esse, speed, sud efficlency. A floor plan for such

& center i3 eprended.



FIGURE 21

PROPOSED BLOOD BANK FLOOR PLAN
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This plan consists of two units. One contains the
bank, workroom, and donorium and it should be cen-
trally located in the hospital. The other, with six
cubicles and benches, need not be lmmediately ad-
jacent to the centrsl unit but should be used for
the "blood bank clinic" where large numbers of
donors are handled.
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